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REPORT OF THE SECRETARY. 


OF THE 


STATE BOARD OF AGRICULTURE 
East LANSING, Micn., July 1, 1917. 


To Hon. Abert EF. SLEEper, 
Governor of the State of Michigan: 


Sir—I have the honor to submit to you herewith, as required by law, 
the accompanying report for the fiscal year ending June 30, 1917, with 
supplementary papers. 

Very respectfully, 
ADDISON M. BROWN, 


Secretary of the State Board of Agriculture. 


STATE BOARD OF AGRICULTURE 


Term expires. 


ROBERT D. GRAHAM, Grand Rapids......1st Monday January, 1920 
CHAIRMAN OF THE Boarp. 
ABE RED d- DOH LY Clare. .% pslme sce st 5 1st Monday January, 1920 
WILLIAM H. WALLACE, Saginaw.......... Ist Monday January, 1922 
ROY WATHEBURBY,, Detroit: 22. 22228 = as Ist Monday January, 1922 
AEE NOW BAU MONT. Detroit... 62 oe.c 2's: Ist Monday January, 1924 
ASON WOODMAN): Paw: Paw i... .%- Ist Monday January, 1924 
FRED L. KEELER, Supt. or Pusiic INSTRUCTION.......... Ba-O fficio 
FRANK 8S. KEDZIE, Presipent oF THE COLLEGE............ Ex-Officio 


ADDISON M. BROWN, East Lansing, Secretary. 
BENJAMIN F. DAVIS, Lansing, Treasurer. 


STANDING COMMITTEES. 


TDIvIsIONS oF AGRICULTURE AND OF 


VIETERINARY SCIENCE............ I. R. Waterbury, R. D. Graham. 
DIvISION OF ENGINEERING.........-/ A. J. Doherty, J. W. Beaumont. 
Division or Home EconomIcs.....- Jason Woodman, I. R. Waterbury. 
Division of SciENCE AND Letrrers..J. W. Beaumont, W. H. Wallace. 
EXPEEIMENT STATION (3/0. 6.0... W. H. Wallace, A. J. Doherty. 
HUME HOM Sta 4,., Seckapes Sa, niatte-v sese-dhe. «dvs R. D. Graham, J. W. Beaumont. 

1 EEG SG Ns RRS Re aa SP Rk. D. Graham, W. H. Wallace. 
COLLEGE EXTENSION DIVISION..... A. J. Doherty, Jason Woodman. 


BUILDINGS AND CoLLecr Prorerty..I. R. Waterbury, Jason Woodman. 
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MICHIGAN AGRICULTURAL COLLEGE 


(Under control of the State Board of Agriculture.) 


FACULTY AND OTHER OFFICERS. 


FRANK S. Kenzin, M. S., D. Sc., President, # » Sept. 15, 80; ¢ Sept. 15, 716. 

JONATHAN L. Snyper, A. M., Ph. D., LL. D., President Emeritus; 2 » Feb. 
22, 96; © Bept.1a2 716; 

WitrraM J. Beat, Ph. D., D. Se., D. Agr., Emeritus Professor of Botany ; 
ab June 9, 70; ¢ June 15, 710. 

Wixeur O. Heprick, M. S., Ph. D., Professor of Economics; # > Aug. 24, 
791; © June 13, 716. 

Herman K. Vepper, ©. E., Professor of Civil Engineering; 2 » Sept. 15, 
Eee Maly 1.09. 

Watrter B. Barrows, B. S., Professor of Zoology and Physiology ; Curator 
of the General Museum; 2 » © Feb. 15, 794. 

Rurus H. Perit, B. S., in Agr., Professor of Entomology; ? Jan. 1, ’97; 
b ¢ Sept. 1, ’06. 

Appison M. Brown, A. B., Secretary of the College; > ¢ June 1, ’02. 

Rosert S. SHaw, B.S. A., Dean of Agriculture; # » Sept. 1, 702; ¢ Jan. 15, 
08. 

Evipa YAKELEY, Registrar; # July 15, 03; © © June 1, 08. 

ArtTHuR R. Sawyer, B. S., E. E., Professor of Electrical Engineering ; 
ab April 11, 704; ¢ June 13, 716. 

A. Crospy ANDERSON, B. 8., Professor of Dairy Husbandry; ® Sept. 1, 705; 
b June 10, ’09; © June 15, 710. 

Epwarp H. Ryper, M. A., M. Pd., Professor of History; Director of Sum- 
mer School; 2» Sept. 1, 705; ¢ Apr. 28, 716. 

ArTHUR J. Cuark, A. B., Professor of Chemistry; 2 » Sept. 1, 06; © Apr. 
28, 716. ; 

JosEPH A. Poxtson, B. S., M. E., Professor of Mechanical Engineering; 
ab Sept. 1, 06; ¢ June 18, 716. 

GrEorGE W. Bissett, M. E., Dean of Engineering; # » June 18, ’07; © June 
13, 716. 

Warp: Gittner, D. V. M., M. S., Professor of Bacteriology and Hygiene; 
ab July 1, 708; ¢ June 16, 715. 

Harry J. Eustace, B. 8., M. H., Professor of Horticulture; # » © Aug. 
15, ’08. ; 

. Watter H. Frencu, M. Pd., M. 8., Professor of Agricultural Education ; 
a bee Seto 1,208. 

*VerNON M. SuHorsmiru, B. S., Professor of Farm Crops; #? ¢ Feb. 14, 09. 

Ernst A. Bressty, Ph. D., Professor of Botany; 2 » ¢ June 15, 710. 

~ Ricuarp P. Lyman, B. S., D. V. M., Dean of Veterinary Science; Pro- 

fessor of Veterinary Medicine; 2 » © Sept. 28, 710. 
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WiturAM W. Jounston, A. M., Professor of English Literature and Mod- 
ern Languages; ® » ¢ Sept. 1, 712. 

Louis C. PLAnt, Ph. B., M. S., Professor of Mathematics; 2 » ¢ Sept. 1, 713. 

xyEorGIA L. WHITE, Ph. D., Dean of Home Economies; # be April 1, 14, 

Merris M. McCoot, Ph. De Professor of Soils; #» ¢ July 15, 714. 

ALFRED K. CHITTENDEN, M. F., Professor of Forestry; 2» ¢ July 15, 714. 

Mary E. EpMmonps, B. 8., Professor of Domestic Science; *» ¢ Sept. 15, 715. 

Rosert K. Srewarp, B. S8., C. E., Professor of Drawing and Design; # » ¢ 
Sept. 1, 716. 

qCapr. Ira Loneanecker, Professor of Military Science and Tactics; 
a bic Meb: te ab: 

Cuacr Newman, Associate Professor of Drawing; * Sept. 1, 97; » Sept 1. 
07; © June 15,716: 

Frank H. Sanrorp, B. 8., M. F., Associate Professor of Forestry ; 4° Dee. 
12065 ¢ May1. 709. 

CHARLES W. CHAPMAN, Galas, 1B S., Associate Professor of Physics; * Jan. 
0G: 5Sept. 1 11: ¢ June 13, 716. 

CHARLES P. HALLIGAN, B. Se Associate Professor of Horticulture; # > Apr. 
pel Gee June it, 713. 

Mrs. LILLIAN i Pepparp, Associate Professor of Domestic Art; *> Sept. 1, 
708; ¢ June 13, 16. 

Grorce A. Brown, B. 8., Associate Professor of Animal Husbandry; 2 » 
Sept. 1, 08: © July 21, *15. 

RICHARD peZEnuw, Ph: Dy; ‘Associate Professor of Botany ; * ? Sept. 1, 709; 
e July 21, ’15. 

Harry H. MussELMAN, B. S., Associate Professor of Farm Mechanics; 
a b Sept. 1, 709; ¢ July 21, 715. 

FraANK W. CHAMBERLAIN, B. S., D. V. M., Associate Professor of Com- 
parative Anatomy; 2» Jan. 1, 711; ¢ July 21, 715. 

Cyrus A. Meticx, D. C. E., Associate Professor of Civil Engineering; 
ab Sept. 1, 7115 July 18, 716. 

Rate C. Huston, M. S8., Ph. D., Associate Professor of Chemistry; 2 » 
Sept. 1,711 >\¢ fuly 21? Po: 

E1iam T. Hatuman, D. V. M., Associate Professor of Animal Pathology; 
ab Sept. 1, 712; ¢ July 21, 715. 

CuaArLES H. Burcasss, B. A., Associate Professor of Poultry Husbandry ; 
ab Oct. 1,138 “eo June la, 1G: 

Josepu F. Cox, B. S. in Agr., Associate Professor of Farm Crops; # » Dee. 
1s 316 Mark 2a age 

THomaAs GuNnson, Assistant Professor of Horticulture and Superintend- 
ent of the Grounds; 2 » Apr. 1, 791; © June 13, 716. 

KK. Sytvester Kine, Assistant Professor of Public Speaking; # Jan. 1, 700; 
b Sept. 1, 702; ¢ June 10, 714. 

L. ZAE Norrurur, B. S., A. M., M. H. E., Assistant Professor of Bac- 
teriology ‘and Hygiene: a b Sept. 3 07; ¢ June 1s 

GrorcE D. Suarer, Ph. D., Assistant Professor of Entomology; # July 1, 
708: > Sept.-157°08s¢ July. 195716: 

Witi1AM E. Laycock, A. B., Assistant Professor of Physics; 2 » Sept. 1, 
708 5. “Oct. Ags UG: 

BrensAMIn B. Rosesoom, Jr., B. 8., Assistant Professor of Physiology; 
ab Jan. 15, 709; ¢ June 10, 714. 
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Maurice F. Jounson, B. S., C. E., Assistant Professor of Mathematics ; 
ab April 1, 09; ean il, Ls: 

FrepericK A. Borr, B. 'S., Assistant Professor of Geology; * » Sept. ie 
09; ¢ June 10, 14. 

eknorp. C. Emmons, B. S., A. B., Assistant Professor of Mathematics; 
ab Sept. 1, 09; ¢ June 11, 713. 

CHARLES H. SPURWAY, B. S., M. ‘Ae Assistant Professor of Soil Physics; 
ab ¢ Sept. 1, 709. , 

Oren L. Snow, B. S., Assistant Professor of Physics; 2 » Sept. 1, ’10; 
“Oct 187716: 

Ernst G. Fiscuer, Ph. B., Assistant Professor of German; ? Sept. 1, 
710; > ¢ Sept. 1, 714. 

W. Irvine Girson, B. S., M. F., Assistant Professor of Forestry; 2? Jan. 
Bhi < June ds,.716- 

*JoHNn S. McDanis., B. 8., D. V. M., Assistant Professor of Veterinary 
Medicine and Pharmacology; 2 © Sept. 1, 711; ¢ Feb. 28, 713. 

Bruce E. Hartsucn, A. B., Assistant Professor of Chemistry; 2 » Sept. 
eit <. Fume: 16, 7 La. 

Cuar.es S. Dunrorp, M. A., Assistant Professor of Economics; # » Sept.- 
dia =< June’ 16," 715: 

*JoHn P. Hutton, D. V. M., Assistant Professor of Veterinary Surgery ; 
mmSent. 1. 17. e June k, “les, 

Merton M. Cory, B. S., E. E., Assistant Professor of Electrical En- 
gineering; 2 » Sept. 1, 712; ¢ July 21, 715. 

CuHartes B. Mitrcuein, M. A., Assistant Professor of Public Speaking; 
ab Sept. 1, 712; ¢ June 16, 715. 

Cart E. Newnanper, B. S., Assistant Professor of Dairy Husbandry; 2 » 
Sept. 1, 712; ¢ June 13, 716. 

ALLmN C. Concer, B. S8., M. A., Assistant Professor of Zoology; 2 ° Sept. 
Pia = <ine AS alos 

*Homer E. DENNISON, B. S., Assistant Professor of Dairy Husbandry ; 
ah Sept. 152125 ¢ June 13, 716: 

CuaupE M. Canz, B. S., C. E., Assistant Professor of Civil Engineering ; 
ab Sept. 1, 713; ¢ June 13, 716. 

Lesitiz H. Cootupen, B. S., A. M., Assistant Professor of Bacteriology ; 
mr Sept. 1 tac ¢ Jane 13>’ to: 

Ren G. Saxton, C. E., Assistant Professor of Civil Engineering; # ? Sept. 
Lote Sully 21215: 

E1isau L. Grover, B. 8., Assistant Professor of Agricultural Education ; 
ab Sept. 1, 713; ¢ June 138, 716. 

Henry T. Daruineton, M. S., Assistant Professor of Botany; 4 » © July 
15, 714. 

Wm. P. Woop, A. B., Ch. E., Assistant Professor of Chemistry ; 2» Sept. 1, 
714; ¢ June 13; 716. 

Hervert A. Geurine, C. E., Assistant Professor of Civil Engineering ; 
a Pe Sept. io: 

Cuaries E. Miiuar, M. S., Assistant Professor of Soils; 2» © Noy. 17, 715. 

Lawrence N. Fievp, B. M. E., Assistant Professor of Mechanical En- 
gineering; 2 > ¢ Feb. 1, 716. 

Watter E. Reutine, B. S., M. E., Assistant Professor of Mechanical En- 
gineering; # » ¢ Sept. 20, 716. 
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qLinur. Max S. Murray, Assistant Professor of Military Science; 2 » ¢ 
Sept. 20, 716. 
Jamns W. Benner, D. V. M., Assistant Professor of Pharmacology; 2 > ¢ 
peat. 10, a7: 
JoHN I. Hanpiey, D. V. M., B. 8S. A., M. S., Assistant Professor of 
Surgery; 25 ¢ Jan. 10, 717. 


INSTRUCTORS AND OTHERS. 


The names of instructors whose resignations took effect between June 

30th and Sept 1st, 1914, do not appear below. 

°CAROLINE Hout, Instructor in Drawing; * » © Sept. 1, 798. 

Louise FreyuHorer, B. S., Instructor in Music; 2 © ¢ Sept. 1, 702. 

Norma L. Gitcurist, A. B., Instructor in English; 2 » ¢ Sept. 1, 705." 

Frank A. Sprace, M. S., Instructor in Farm Crops; #» Dec. 1, 706; © Sept. 
ior 13. 

Mrs. Mrnnig A. W. Henprick, A. B., Instructor in History ; 2 Sept. 1, "OT 5 
b ¢ Sept. 1, 708. 

-Rosst M. Taytor, A. B., M. A., Instructor in Botany; # » ¢ Feb. 8,’ 08. 

Mrs. ANTOINETTE C. Rosson, A. B., Instructor in Modern Languages; 
a bie. Fanela Oo: 

ANbREW Wart, Instructor in Forge; 2 » April 1, 09; ¢ Sept. 1, 716. 

STanutey E. Crows, B. A., Instructor in Mathematics; 2 > ¢ Sept. 1, 709. 

Ricuarp H. Reece, B. S., Instructor in Mathematics; 2 » ¢ Jan. 1, 710. 

Dewey A. SEELEY, B. S., ‘Instructor in Meteorology ; abe Mar. i: 7D. 

EuGENIA I McDaniet, i B., Instructor in Entomology; 2» ¢ Apr. 1, 710. 

Sreret. Parrick J. Cross, Instructor in Military Science and Tactics; 
a DSC Maye Ay BO: 

Bertua E. THompson, A. B., M. A., Instructor in Botany; 2 » ¢ Sept. 1, 710. 

Louis B. Mayng, A. B., Instructor in English; # » ¢ Sept. 1, 710. 

JAMES LL. Morse, B85 “Instructor j in Mechanical Engineering; a Bee Sept. 
i ees RUE 

Grorce H. Coons, A. M.,-Ph. D., Instructor in Plant Pathology; 2 » © 
Jan. 15"1 i: 

Kpira W. Casuo, Instructor in Physical Culture; Assistant to the Dean; 
aD Sept, 1,71 ¢ June 16745. 

Rurus P. Hreparp, Ph. rine Instructor in Plant Physiology; 2 » ¢ © Sept. 
: Mea 

Mase. L. “LEFFLER, Mus. B., Instructor in Music; # » © Sept. 1, 712. 

Guy G. Sperxmr, B.S., A. M., Instructor in Mathematics; 2 » ¢ Sept. 1, 712. 

VeRNE FE. LeRoy, A. B., M. S., Instructor in Zoology; # » ¢ Sept. 1, 712. 

WituiaM M. Wrs15, A. M., Instructor in Mathematics; # » ¢ Oct. 1, 712. 

*FRANK E. MILLEN, B Sc. A., Instructor in Bee-keeping; @ » ¢ Sept. 1, 713. 

Jupson Q. Owen, A. B., Instructor in English; 2 » ¢ Sept. 1, 718. 

*GRovER ©. Wooptn, B.S. A., Instructor in Entomology; 2 » ¢ Sept. 1, 713. 

Rover E. Lorex, B. S., Instructor in Horticulture; 2 » ¢ Sept. 1, 713. 

°Myron B. Cuarin, Instructor in Drawing; 2 » ¢ Sept. 1, 718. 

Karu C. Kierer, B. S., Instructor in Mathematics; 2 > ¢ Sept. 1, 713. 

Warren W. Hitcucocgs, B. S., C. E., Instructor in Civil Engineering; 
a bie Sepie lg 

Dwicut T. Ewine, B. S., Instructor in Chemistry; # » ¢ Jan. 1, 714. 

Westey E. Eastman, B. S., Instructor in Zoology; 2 » ¢ Jan. 1, 714. 
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ALFRED IppLEs, B. S., Instructor in Drawing; 2» ¢ Apr. 1, 714. 

Epwarp F. Woopcocrk, B. S., M. A., Instructor in Botany; 2 » © Sept. 
1, 714. 

WALTER A. REINERT, B.S. in C. E., Instructor in Mathematics; # » ¢ Sent. 
be 

Louise J. CLeMens, B. S., Instructor in Domestic Science; 2 » ¢ Sept. 1, 
714. 

*Waxtrer L. Kup, A. B., M. S., Instructor in Bacteriology; 2 » ¢ Sept. 
i ae 

Grorce M. GrantHAM, B. S., Instructor in Soils; 2» ¢ Sept. 1, 714. 

Aenes V. Hatcu, B. S., Instructor in Domestic Art; 2 © ¢ Sept. 1, 714. 

Frank D. Messencer, B. S., Instructor in Drawing and Design; 2» ¢ , 
Sept. 1, 714. 

Burt K. Purp, C. E., Instructor in Civil Engineering; @ » ¢ Sept. 1, 714. 

WiuiAM E. J. Enwarps, B. 8. A., Instructor in Animal Husbandry; 2 > ¢ 
Sept. 1, 714. 

*WiLtiAM D. Meutzrr, B. S., Instructor in Dairy Manufactures; 2 » ¢ 
Sept. 1, 714. 

Dwieur C. Carpenter, B. S., Instructor in Chemistry ; 2» © Sept. 1, 714. 

ALIson Ransrorp, Instructor in Cheese Making; 2 » © Jan. 1, 715. 

Joun E. Burnett, B. S., Instructor in Dairy Husbandry; 2» ¢ June 16, ’15. 

Don B. WHELAN, M. S., Instructor in Entomology; # » © July 1, 715. 

Henry L. Pusiow, B. S., Instructor in Chemistry; 2 > ¢ Sept. 1, 715. 

JosepH W. Strack, B. S., Instructor in Zoology; 2 » © Sept. 1, 715. 

ArTHouR L. Bresins, B. S., Instructor in Farm, Crops; 2 » ¢ Sept. 1, 715. 

Cuarizes D. Batt, B. S., Instructor in Chemistry; # » ¢ Sept. 1, 715. 

Leo C. Hucuss, A. M., Instructor in French and German; 2 » ¢ Sept. 
fa 0 

Kernnetu G. HancuHer, M. S., Instructor in Chemistry ; 2» ¢ Sept. 1, 715. 

THEODORE E. FRIEDEMANN, B. S., Instructor in Chemistry; 2 » © Sept. 1, 

i di 

*WILLIAM N. Ciark, B.S. in Agr., Instructor in Animal Husbandry; 2 > ¢ 

Sept. 1, 715. 

JamMEeS B. HasseLMan, B. S., Instructor in English; 2 » ¢ Sept. 1, 715. 

ZELLA E. BiceLtow, Instructor in Domestic Art; # > ¢ Sept. 1, 715. 

*WENDELL A. MeE.Ton, B. S., Instructor in Physics; 2 > ¢ Sept. 1, 715. 

Pauu L. Miuier, M. A., Instructor in Economics; 2  ¢ Sept. 1, 715. 

*JEssE F. Francis, B.S. A., Instructor in Poultry Husbandry; 2 > ¢ July 
21,745. 

Epna M. Garvin, B. S., Instructor in Domestic Science; 2 » ¢ Oct. 5, 715. 

Hare H. Stewart, B.S. in M. E., Instructor in Drawing; #»¢ Jan. 1, 16. 

Stanarp G. Berequist, A. B., Instructor in Zoology; 2 » © Jan. 27, 716. 

FrepericK L. Apet, Director of the Band, Chorus and Glee Club; 2 » ¢ 
Pept 4, 716: 

Erne P. VANWAGENEN, B. A., Instructor in Domestic Science; 2» ¢ Sept. 
1.716. 

EmmMa Francis, B. S., Instructor in Domestic Science; 2 » ¢ Sept. 1, 716. 

Homer M. Warp, B. 8., Instructor in Civil Engineering; @ » ¢ Sept. 1, 716. 

Roscoe H. Busu, B. S., Instructor in Mechanical Engineering; 2 » © Sept. 
ib 206: 

Royat G. BicreLow, B. S., Instructor in Mechanical Engineering; # » ¢ 
Sept. 1, 716. 
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CHARLES G. Noses, B. 8., Instructor in Bacteriology; 2 > ¢ Sept. 1, 716. 

Harry C. Youne, M. S., Instructor in Botany; ® » ¢ Sept. 1, 716. 

Perry 8. Brunpacs, B. S., Instructor in Chemistry; # » ¢ Sept. 1, 716. 

Kpwarp L. UNDERWoop, B. 8., Instructor in Chemistry ; 2» ¢ Sept. 1, 716. 

JoHn D. MacMrnan, A. M., Instructor in English; # » ¢ Sept. 1, 716. 

Ray B. Weaver, A. M., Instructor in English; 2 » ¢ Sept. 1, 716. 

VERN JAMES, A. M., Instructor in Mathematics; ® » © Sept. 1, 716. 

Royce W. Wyant, B. 8., Instructor in Dairy Manufactures; 2 » ¢ Sept. 
i200; 

ArTHUR 8S. Burkett, A. B., J. D., Instructor in Public Speaking; 2 » ¢ 
Sept. 1, 716. 

*LisA OsTERHOLM, B. S., Instructor in Domestic Art; ® > ¢ Sept. 1, 716. 

*Mar M. Person, A. M., Instructor in History; 2”> ¢’Sept. 4 16, 

AARON F. Heap, B. S., M. S., Instructor in Soils; 2 ¢ Sept. 1, 716. 

*WittiaM H. Touty, B. S., Instructor in Poultry Husbandry; 2 » © Oct. 
AUG: 

JAMES P. Corie, M. A., Instructor in Physies;.2 » © Oct. 1, 716. 

Grace EF’. Smitey, B. S., Instructor in Domestic Art; 2 > ¢ Jan. 1, 717. 

BenJAMIN F. Krnpic, Instructor in Apiculture and State Bee Inspector; 
a ee 2 i Det ls 

WILson Duncan, Instructor in Farm Mechanics; # » ¢ Jan. 1, 717. 

*Bernarp A. Knowtezs, B. S., Instructor in Poultry Husbandry; 2 » ¢ 
ASH ofa betel Wr ; 

FreDrerick W. Fasran, B. S., Instructor in Bacteriology; 2 > ¢ Jan. 1, 717. 

SANDER Stark, B.S., Instructor in Physies; 2 » ¢ Jan. 15, 717. 

Percy B. WILTBERG ER, M.8., Instructor in Entomology; 2 » © Apr. 1, 717. 

Frep Hacaporn, B.8., Instructor in Dairy Manufactures; abe ABE Ie a oy 

Emmet O. Epson, = S., Instructor in Poultry Husbandry ; [as June 
ey. 

Linpa E.-Lanpon, Librarian; 2 » © Aug. 24, ’91. 

Lory F. NeweE t, Engineer; 2» ¢ Jan. 1, ’98. ; 

BengaMin A. Faunce, Clerk to the President; ® Sept. 1, 799; » © Apr. 
Me 203 

Rowena Kercuum, Nurse in charge of College Hospital; 2 » ¢ Sept. 1, 700. 

Epwyn A. Bown, College Architect; ® Jan. 1, 702; » © Nov. 5, 713. 

*Lena M. Maxwett, Assistant Cashier and Bookkeeper; * July 1, 702 
be Ang lie. 

Anprew P. Krenten, Foreman of the Pattern Shop; * ® © Sept. 1, 702. 

JACOB SCHEPERS, Cashier; 2 » May 1, ’07; ¢ July 1, ’07. 

Ratpy 8. Hunson, B. 8., Farm Foreman; #» ¢ Dec. 1, ’07. 

Maun A. Msecu, Chief Clerk to the Secretary;  » Apr. 1, 708; ° Sept. 
1, 2s 

Epwarp C. Crawrorp, Shop Engineer; 2 » ¢ July 1, ’09. 

Louise E. WatswortH, Clerk to the Secretary; 2» ¢ Jan. 17, 710. 

Ernest A. Evans, Foreman of the Machine Shop; @ » ¢ Sept. 1, 710. 

WarreN 8S. Rossins, B. 8., Assistant in ae ab April 1, ’11; ¢ July 
yA tere sia 

Euizanere M. Pau, Assistant Librarian; 2 » ¢ July 15, 711. 

BuancHe A. Bincrarp, Clerk to the President; a ie Aug. 10; 7An: 

Cuares D. BErts, Purchasing Agent; 22 Sept. Lad, 

Bertua A. Honiisrer, AB. State Seed Analyst; 2 ‘be Sept. 1, 713. 

Grorce H. Prrers, Assistant in Pattern Shop; ® © © Oct.'1, 13, 
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Jacos A. Ercurr, Foreman of the Foundry; 2 » ¢ Sept. 1, 714. 

Cuares S. Lanepon, B. S., Alumni Secretary; 2» ¢ Sept. 1, ’14. 

ANNA L. Ferien, Assistant Registrar; 2» ¢ Oct. 1, 714. 

J. J. Henpryx, Foreman Forest Nursery; ® » © March 15, 715. 

Ereen Fietrcurr, Clerk to the Secretary; 7 » © June 15, ?15. 

Mrs. Nancy L. Eastman, Matron College Residence; * » Sept. 1, 715; 
€ Sept. 1, 716. 

Don ©. Herriey, B. 8., In charge of Student Employment Bureau and 
Secretary of Yo MC. A; 2» “Sept. 1, 715. 

Pau. ©. Kircuin, B. Se., Graduate Assistant in Botany; 2 > Nov. 1, 715; 
€ Jan. 1, 716. 

SamurL Toms, Assistant in Farm Mechanics; * » ¢ Nov. 1, 715. 

EvuGENE Woon, Assistant in Pattern Shop; 2» ¢ Jan. 1, 716. 

Louise J. Mrrtss, Assistant State Seed Analyst; 2 » ¢ Feb. 1, 716. 

Epa H. Trickery, Clerk to Secretary; 2 » © April 5, 716. 

Luoyp R. Jonss, B. S., Graduate Assistant in Bacteriology; # » ¢ July 


LEZ 
e7LG, 
Lawrence ©. Wueetine, B. 8., Graduate Assistant in Soils; 2 > ¢ July 
fi 16 
sa 6: 


Henricx J. Srarsetu, B. S., Graduate Assistant in Bacteriology; * > ¢ 
Sept. 1, 715. 

{ROSVENOR W. Putnam, B. S., Graduate Assistant in Farm Crops; 2 ? ¢ 
Rept, 216: 

Rost Coteman, Assistant in Library; 2 » ¢ Sept. 1, 716. 

Fiorencre Sroiu, Graduate Assistant in Home Economics; * ? © Sept. 
palit: 

Mrs. Minnie Meeker, Matron College Cottage; 2 » ¢ Sept. 1, 716. 

Frieprika M. Heri, House Mother Women’s Building; 2 » ¢ Sept. 1, 716. 

Ciara Hunt, House Director Women’s Building; # » © Sept. 1, 716. 

JOHN GRENNAN, Foreman Forge Shop; # © © Sept. 1, 716. 

James A. Berry, B. S., Graduate Assistant Bacteriology; 2» © Sept. 1, 716. 

Water K. Maxemson, B. S., Graduate Assistant in Botany; 2 ° © Sept. 


ipa Ur, 
*Epcar G. Hamuin, B. S., Graduate Assistant in Forestry; # » © Sept. 
LE ALG: 


Louis P. HoprHan, Assistant in Wood Shop; * » ¢ Oct. 1, 716. 
Rosert Mackin, Herdsman; *? ¢ Jan. 1, 717. 
H. Donatp Hoorman, Foreman Orchards; 2 » © March 28, 717. 


EXPERIMENT STATION WORKERS. 


ANDREW J. Parren, B. S., Chemist; # » ¢ Sept. 1, ’05. 

Cuartes W. Brown, B. S., Research Assistant in Bacteriology; 2 » ¢ 
Aug. 1, 706. 

°CHarues 8. Ropinson, M. S., Research Assistant in Chemistry; ? > °¢ 
Sept. 1,-’09. 

Myra V. Bocus, Bulletin Clerk; # © ¢ Jan. 1, 710. 

Orrin B. Winter, A. B., Assistant in Chemistry; * Feb. 15, 710; » ¢ Sept. 
nO Wes 

GrorGE J. Bouyoucos, Ph. D., Research Assistant in Soils; ? June 16, 711; 
b¢ Sept. 1, 714. ; 
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J. FRANK Morecan, M. A., Research Assistant in Bacteriology; # » ¢ Sept. 
1,713 

Wa ter C. Durron, B. S., Assistant in Horticulture; 2 > ¢ Sept. 1, 713. 

Frep. T. Rippe.u, B. 8., Assistant in Dairying; 2 > ¢ Sept. 1, 713. 

Jay H. Muncin, B. A., Assistant in Plant Pathology; 2 > ¢ Nov. 17, 718. 

Evroy J. Miuumr, M. 8., Assistant in Chemistry; 2 » ¢ Sept. 1, 715. 

KuGENE F. Bercer, B. 8., Assistant in Chemistry; 2 » ¢ Sept. 1, 715. 

ArTHuR C. Lyte, B. 8., Assistant in Dairying; 2 » ¢ Nov. 1, 715. 

Hans J. Bock, M. S., Research Assistant in Horticulture; 2» ¢ Jan. 1, 716. 

*ALLEN E. SMOLL, A. B., Assistant in Chemistry; 2 > ¢ Jan. 1, 716. 

Frank F. Heparp, B. S., Inspector; 2 » ¢ Feb. 1, 716. 

Cart F. Barnum, B. Se “Tnspector ; abe Feb. 10, 716. 

EuGENE E. Down, B. S., Assistant in Farm Crops: abe April 1; 16. 

STANLEY J. BRowNELL, B. S8., Assistant in Dairying; 2 > ¢ Sept. L7a6s 

I. Forest HuppLeson, B. Ss M. S., Research Assistant in Bacteriology ; 
2) © Sept 1; 716: 

*Epwarp A. DEWiInNpT, B. Ch. E., Assistant in Chemistry; # » ¢ Sept. 


e716; 
RatpH W. PETERSON, B. S., Investigator in Seed Production; 2 » © Jan. 
1 Pas lrg 


° Absent on leave. 
Resigned. . 
Called to Army service. 
First appointment. 
Present appointment. 
present title. 


aQnmen=a * 


AGRICULTURAL EXPERIMENT STATION 


OF THE 


MICHIGAN AGRICULTURAL COLLEGE 


(Under the control of the State Board of Agriculture.) 


STATION COUNCIL 


FRANK S. Kepziz, M.S., D. Sc., 
. President Ex-officio. 


Rosert 8. Suaw, B.S. A., 
Director. 
M.S., 
Bacteriologist. 
°Harry J. Eustace, B.S., M. H., 
Horticultur ist and Vice Dir ector. 


ALFRED K. CHITTENDEN, M. F., 
Forester. 


Warp Gittner, D. V. M., 


A. Crosspy ANDERSON, B.S., 
Dairy Husbandman. 


Rurus H. Pertit, B.S. A., 
Entomologist. 


ANDREW J. PATTEN, B.S.,  - Chemist. 
Merris M. McCoot, Ph. D., 
Soil Physicist. 
Ernst A. Bessey, Ph. D., -  Botanist, 
*VERNON M. SHoesmirH, B. S., 

Farm Crops Experimenter. 


Appison M. Brown, Secretary. 


ADVISORY AND ASSISTANT STAFF 


Cuar.es P. Hatiicay, B. S., 
Asso. Horticulturist. 
GeorcE A. Brown, B.S., 
Asso. Animal Husbandman. 
GeorceE D. SuHarer, Ph. D., 


Asso. Entomologist. 


Harry H. Mussetman, B. 5&., 


Asso. in Farm Mechanics. 


Cuar.es H. Burasss, A. B., 
Asso. Poultry Husbandman. 
Rurus P. Hrpparp, Ph. D., 
Research Asso. in Plant Physiology 
GrorceE H. Coons, Ph. D., 


Research Asso. in Plant Pathology. 
- Research Asso. 


Frank A. Sprace, M.§., 
in Farm Crops (Plant Breeding.) 
°CHARLES 8. Roprnson, A. B., M.S., 


Research Asso. in Chemistry. 


GerorGE J. Bouyoucos, Ph. D., 


Research Asso. in Soils. 


Exroy J. Miter, M. S$., 


Research Asst. in Chemistry. 


CHarRLEs W. Brown, B. S., 


Research Asst. in Bacteriology. 


Hans J. Bock, M.S., 
Research Asst. in Horticulture. 
James F. Moreaan, M. A., 
Research Asst. in Bacteriology. 
Orrin B, WIintER, A. B., 
Research Asst. in Chemistry. 
Lesuie H. Coouenes, A. M., 
Research Asst. in Bacteriology. 
L. Zag Norturvp, B.S., A. M., 
Asst. Bacteriologist. 
EuceEne F. Brercer, B. S., 
Asst. in Chemistr y: 


’*ALLEN E. SMOLL, A. B., 


Asst. in Chemistry. 
Epwarp A. DeWin0T, B. Ch. E., 
Asst. in Chemistry. 
Eveenta I. McDanir1, A. B., 
Asst. in Entomology. 
Watter C. Durron, B.5., 
Asst. in Horticulture. 
Jay H. Muncip, B. A., 
Asst. in ein Pathology. 
*Grover C. Woopin, B.S. A 
* Asst. in ‘Entomology. 
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EuGENE E. Down, B.S., 


Asst. in Farm Crops. 


Artuur C. Lyris, B.S., 


Asst. in Dairying. 


STANLEY J. BROWNELL, B. S., 


Asst. in Dairying. 


Frep T. Ripe .t, B. S., 


Asst. in Dairying. 


Raymonp Ne son, B. S., 
Graduate Asst. in Botany. 
Herovis L. Lewis, B.5S., 
Graduate Asst. in Botany. 
Cart F. Barnoun, B. S., 
Feeds and Fertilizer Inspector. 
FRANK F. HesBarp, B.5., 
Feeds and Fertilizer Inspector. 


Raupu W. Peterson, B. S., , 
Asst. in Horticulture. 


Linpa E. Lanpon, - - Librarian. 
Myra V. Boaur, - - Bulletin Clerk. 


“Absent on leave. *Resigned. 


STANDING COMMITTEE IN CHARGE. 


Wiuu1amM H. WALLACE - = = = 2 _ uJ = 
ALFRED J. DOHERTY - - = = = = & = x 


- Saginaw. 
- Clare. 


STATE WEATHER SERVICE. 
(Under the control of the State Board of Agriculture.) 
OFFICER OF THE SERVICE. 


Director, - - - - - - C.F. Scuneiper, U.S. Weather Service. 


COOPERATIVE EXTENSION WORK IN AGRICULTURE 
AND HOME ECONOMICS 


MicuHicAN AGRICULTURAL COLLEGE AND UNITED STATES DEPARTMENT OF AGRICULTURE 
CooOPERATING 


ADMINISTRATION 


~ 


FRANK Stewart Kepzre, M.S8., D. Se., President. 
Rosert JAMES Baupwin, B.8., Director of Extension Work. 


EXTENSION SPECIALISTS 


Representing the several Departments of the College 


WILLIAM FRANKLIN RAVEN..........-.-.-- Ext. Representative in Upper Peninsula. 

*Ivan Kart Maysteap, B.S.............. Ext. Specialist in Farm Crops. 

JOHN WHITLEY Niconson, B.S............ Ext. Specialist in Farm Crops. 

Joun Henry Canmopy, B.S... ...........- Ext. Specialist in Horticulture. 

CLARENCE WILLIAM Walp, B.S........... Ext. Specialist in Potatoes and Vegetables. 

*CHARLES Puito Reep, M. Aar........... Ext. Farm Management Demonstrator. 

PauLina ELona Raven, M.S............. Ext. Specialist in Home Economics. 

MARGARET Me. JUSTIN, obi sc8 be os.tte as we: Ext. Specialist in Home Economics. 

OnsrE Epwin Ronny, BrSr.s : vse... fo: Ext. Specialist in Household Engineering. 

DONE LON VVHISEAN eI St ss oan pice eos - Ext. Specialist in Control of Insect Pests. 

JAMES AARON WALDRON, B.S............. Ext. Specialist in Live Stock. 

"JOHN ADEN, PETRiny B.S)... ooesie. es Ext. Specialist in Horticulture. 

BOA WIOLA METH, Ms Stas ecco ts Same oe Assistant in Home Economics. 

Epmunp Cart MANDENBERG, B.S......... Ext. Specialist in Forestry. 

Crags honG Morris Bb: $2205.22 cabot «ot Assistant in Home Economics. 

BIAGEUEAVIEN eS IDS v ates toe ekoiness ese e ee le Special Worker in Muck Land Crops. 
COUNTY AGRICULTURAL AGENTS 

EEA OMEORD, Seas A cy cute os ona ate Se ue State Leader. 

PORARGNS BENJAMIN COOK, D..9% oc. oc accivine ae aaa we Assistant to State Leader. 
(Amos WADE: WHSTONS BS. i009) 53 70. os Genet Oe aa Assistant to State Leader, U. P. 
Roy GABRIEL HOOPINGARNER, B.S..............005- Tron. 

PARI PAUE ROBINSON, Dc h8 6 one. cs Siu dates ae ee ee Saginaw. 
Hanyny Gnorngn Serra? BY S.cAy, 3 oo 4 St eed one Kent. 
VASON AV WOODMAN?: Ebi Siccstie eo cra cs Gowkaat yes aye, wean arate ele Kalamazoo. 
CraAuDE UAWRENCE NAgH, DS nl... . (ct: oie oes 2 Branch. 
Pemee rc DCAD ORD 6 .c:.505t-ghe-os oe Petenese ie mare Newaygo. 
Eno IVA, CREA Re SO Bee eShma, Soe 5, bea.) cipal Peer Stas Houghton. 
Guonen B.Preug, BPS. 02) ..s. ..... eters rea. s.s Wextord, 
*Resigned. 
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JAMES) PRANK ICADONSEYs-Di sete een nee eee eee Gogebic. 
JOHN MARTIN “WENDT, Bs Oi) shes ci eee Pee eee St. Joseph. 
CIARK SE OUIS BRODY, BD. Seeeae not ae ee ee eee St. Clair. 
hee UOY WALKER 15. Scena: Stone ere cen nee Marquette. 
CLINTON VEDE BALLARD, “bio eences ae oceania Dickinson. 
Curtis LInDENS CORFERN bart eee oer Lenawee. 
ROSWELL, GILBERT CARR + 9 .-s pa outs ae ee eee Ontonagon. 
Cahn Hunry Knorr bose sock cet teh te ee Cheboygan. 
IDS Foye d Piaisiey gs al Kean nw Niciel oslo gape chico Geduos Gas se Ottawa. 
ins.) ODDS 0 neh seers Se ie ee ea ee eee eee Muskegon. 
RUSSELL VAUGHAN) JDAN NNR bc Oe herr aie eerie Mason. 
TAKODORE AUSTIN: FARRANDS 4.2 cu focnoee vee eee eee Van Buren. 
Davap WOODMAN. 225) stiien shone RE een: © Boe Alpena. 
AGERED :BENTAMLUGS. hte nee aoe oe ee hens ecco ee ae Allegan. 
EVAnRY.J; DU REING Gem eee rec oe A eee eee Berrien. 
FRANK “SANDHAMMIMR SESS. sc... cn tot Fae SP eRe Manistee. 
BiTON DRAINARD SEIT, Ds iseiey iene rece aeeiereerciieicecna Menominee. 
EDWARD GEREN AMOS, B57 5 ete oat Gee ere een Scant Schoolcraft. 


BOYS’ AND GIRLS’ CLUB WORK 


Eovarp Capistian LINDEMANN, BYS. Giese ose ae eo Bee oe ee State Agent. 

Carsrer AUGUSTUS SPAULDING) > lion cao eee Cie eee ene Assistant. 

ANNA BRyane Cowes, Bus. oo: o ee. fhe oem ten toe a eee Assistant. 
MARKETS 

James NatHan, McBripe:.s:. anise sine cna ce eee Director. 

RALPH HENRY HLSWwoORTH,. Avie hein faecee aan coment re arate Assistant. 


Lmya Rawson ‘Tarp -M.iS-2..2:. tena ce sec ee ue | Chee ee eee Superintendent. 


———_ = 


ACCOUNTS OF 


THE MICHIGAN AGRICULTURAL COLLEGE 


FOR THE YEAR ENDING JUNE 30, 1917 


SECRETARY’S FINANCIAL REPORT 


Dr. Cr 
Joie syle, (Cecioriirnvel sacs anenencnnnashoaod as toon on oon da oooAAe $1,179 25 
July 1, 1916. Cash on deposit, College Treasurer..................... 36,464 63 
June 30, 1917.. To special appropriation receipts........-......2+++--.- 459 ,043 11 
Krom State (Lreasurer: 52. jen tev-csverscsualele 9) oon $277 ,000 00 
TOM Ws Os. LCASUTECE o... sie teiees ao ore cies dais Heys 73,059 35 
REOM PILES, Eee OlGS,, cee ais= asp eieretoi ow ole 90,000 00 
From institution and other sources......... 18,983 76 
IM Evs Oy Ol ge mekyy, CIS DUTSCIMENES cya 2 2 5 2)2\s: «fale benvsyae <1 de oe ane a) oiste shaved «love sian eet a onsen $436,830 36 
Special appropriations |). 66.6%) oss 3 a sie $289,775 95 
PRMEHINENE Stablonr. | stela stra ct ereremine e re 65,974 21 
BS bEMSTOM Gs ea facta co ererdae Sere hepsi ia als: ial 81,080 20 
MUNGO e1Olis vO CUETeNL ACCOUMEITCCEIDES a ore cciece chest cee wlase = )aie,'= 2 stale 710,911 66 
From State Treasurer, land grant interest... $69,437 43 
From State Treasurer, one-fifth mill tax..... 394,000 00 
$560,000 OO 
(a) 166,000 00 
From U.S. Treasurer, Morrill Fund........ 50,000 00 
From institution and other sources......... 192,695 05 
From South Haven Experiment Station..... 170 7 
From U. P. Experiment Station............ 4,608 41 
Byer enerah account: disDurserd Cuts. .racte/etocie ves, shel sis) rin Aiove steels alse = 6 706,273 76 
REET CSS Ue Ollrdins ES yea CASTING ELRTA (lisa shy tet Neel eV eraappolicte Sree Sage ahs tokens betiwta, oliav es sree staay alte erases 1,156 84 
HINGIS O LOLs... JB yiGASW) OMIAEPOSIE \eievc.ot stale falta che olde orabwie ler ocbicroletotataye aveteehs ebete 63,337 69 
$1,207,598.65 $1,207,598.65 
(@PAppropriated for Wxtension: <a. << ..rctne ds a ntaaelse = $41,000 00 
Appropriated for Experiment Station............... 15,000 00 
Appropriated for Engineering Shops................ 55,000 00 
Appropriated for Hall of Engineering............... 55,000 00 


TABLE NO. 1.—Tabular Exhibit of Secretary’s report. 


Balance sheet, Transactions 


July 1, 1916. 


IDS Cr. Dr: 

(CAG) EO SL LOM 25 eres ale. ore $22.41 
*College Treasurer....| 36,464 63].......... [os -seeeeeeeee 
Special appropriation..|.......... $23,765 26 312,718 28 
Currents\accounts.. 2.5)... .5..... 11,428 52) 710,911 66 
Experiment station....|.......... 5,157 92 62,127 43 
EU ROHSION: 24 eros aretee ZEON eal \nevoteror eset aoe 84,197 40 

POLARIS Tae terete eres $40,351 75/$40,351 75'$1,169,977 18 


| 


to June 30, 1917. 


Balance sheet, 
June 30, 1917. 


July 1, 1916, 


mrs Drs Cr. 

Mos deahaveukeraieacrere SGP Sale wher crs. toe 
$26,873.06). 63,332 GO... 2-2 
ZOO GO Dol atere crs auels are $48 ,428 11 
COO 2 oanO ls scclecshevenere.< 16,066 42 

Goo Amo Bee, Gora ft) ote: lereienarsy os. exe 
SL OSOL AU is aectien sts! alerts [Ai ola efeye, eletays 
$1,169,977 18)$64,494 53\/$64,494 53 


*Treasurer’s statement is greater July 1, 1916, by $29,169.71 and June 30, 1917, by $20,639.43; 
warrants outstanding. 
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TREASURER’S ACCOUNT. . > 
1th 
Balanceron Nama uly WOT Gis screener eotere naive eiscers ear ieae teketneietene - $65,634 34 ode 
Receipts from State Treasurer, and Secretary of College............ 1,168,690 03 
Interestion "deposits durin’, yearn. je vice crete iairawne aie ane 1,287 1 
Wiarrentsipald July 1 tole eto JUuMe SOU OliZcieas ciene lem tian Ot enn ee ae ee ee 
Balance: on hang: JUNE SOUS UT i. cas creer eee cay ace ace ate 
LOU’, 2546! viat Ralschtstatekecenchotee ea eeast on hee eee ome ae dy ite ae ae 
4 

q 

ie 

Be 

=i 
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TABLE NO. 3.—William Smith Sayer Scholarship Fund. 


Year 


: Income 
Fund. peng Income. expended to. Amount. 
1910 { $32.25 A. McVittie....| $19.75 
1911 OF) DOM hee ccss > een ol eee 
: 1912 12 50 er K. Fisher...| 25.00 
$500.00 received of F. F. Sayer, admin- H. K. Wright..| 25.00 
istrator of the estate of William Smith 1913 25.00 D. Francisco... 25.00 
Sayer, to establish Scholarship in 1914 24.85 R. W. Waffle...) 25.00 
BaCteriglogymicntice. soe seal ome 1915 24.85 J.D. Bakers...)  2anou 
1916 25 00 J. M. Maze....|- 25 00 
1917 25.00 Elsa Scheuren..| 25.00 
Total ..2:4 i hence Ce een oll eee, bbs eee S206 2954 | sheet erty entra $194 75 
TABLE NO. 4.—Geo. EH. Lawson Memorial Prize. 
Year 
Fund. joing Income. eae eae co Amount. 
$500.00 received of John W. Beaumont, ‘i 
in memory of Geo. E. Lawson, to 
offer annual cash prize for best essay 
in English produced by male student 1917 | $25 00 | I. B. McMurtry | $25 00 


Balance 
including 
principal. 


Balance 
including 
principal. 


$500 00 
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23 
TABLE NO. 5.—Current Account, July 1, 1916, to June 30, 1917. 
Dr. Cr 
On account of— To disburse- By 
ments. receipts. 
U.S. Treasurer, 27th annual payment under act of Congress. OMATIE RR US9OH eras eereee $50 ,000700 
Ae ereAs Iver POMle sti tt lenil Ne Tala Gears eusile ses eeemed coeds a taletcle aiaae ta Sraveiarg sual cockcteupausuete eters 394,000 00 
State Treasurer, interest on proceeds of sales of U.S. land grant........]............ 69,4387 43 
Agricultural Education OG OZ loa eracheratenc ate 
PROTA TONEY ESRC cere cone ec otede cmamae hess hemetta: che otdllarevioneieerstesasehia:s fale ies ake ole wires ,751 62 900 85 
Animal aaninnee 10,841 09 9,922 53 
inet es ster. cie esse 3 2s 3,969 86 1,593 05 
Bacteriology... 8,562 69 2,769 12 
MS OUI a rctc-cnshevesctaisst >< 3,748 33 2,094 54 
@hemistry 4 a2. s,o 5 sensi 312 10,195 23 10,889 39 
Civil Engineering...... 9,081 26 599 50 
Walnya MSO ANGY ss ccisscc tas cei eee ee 62,261 74 59,127 65 
[DEG ULEESS, din abet & ro ee sees ON OID SEND O, HOMED Die DEN GER SENG ONOM CRAIC RIOR 1,823 09 3 80 
ENC OTIOUTI CH Es sae srarecse ste niet. ore bl cremelicretian o's Minuebsredaneus Got alsesh cteaevanscn oleate ray oss tau 180 42 38 99 
Electrical Engineering LAG cnevebias tordatare seis tana taiel teen ete ete 3,520 96 244 20 
EVES Meegeenencpeeenet eect nepecrem encore oh ctonnastals erie senor atti li olisls) aplofifietal’ oil eVeliov eile: «lletis) Save 544 28 60 00 
HEINE OMMOLOR YS teats cisrcee net chavs t (otes o Sninee eval avenens one e's othe pemelslatewsranye ieisricrs. one evepens 659 96 144 88 
NEVER GIs MO TOS tores occas ote atorteestts sede: ctiaalcin nec eteceteretele oneness eee ae erate one eae eu auedenatle abe 3,079 15 196 02 
ARIE VULOIBENOLSES! = vec e pacscss cin) a hedeceitie a eine claney clevslamcuols Gis pabaicen aspen crete 21,162 89 14,820 19 
LAIEEN SVL GLI TALC ee sae ay es evcr sro ens oc retis agate sielionsPoreret corel ceca abate retel aiate ictemh hep eNoaloele 1,685 72 1,171 33 
GRRE BAY o Gon Booed CUS Be OC AOU ED OO Dan SUC HIDING OOD ES Cb, onO,6.5 GOOD J oene Z 4,227 09 1,895 19 
PENSE ISVs pekever etn: caer e Sea 1o,,o a eve ai oa" sepals) « wash syndy ei ntalaile! shatte, aerate seam B euecernceries 167 37 70 00 
Telaunerd Tavcroyoroy ach (es pene tie tara Ge Roar RIAD Eicnicic ipo holon & cao Ora Oe Ge 12,871 54 3,948 99 
PEROOEUIGUULB OIL Spe Acie. e 2p >, seus darcy she Guticonaneateleds tateks, im Sustaueytons) aitecanarote lovers, oemercbeme Sots 10,949 38 1,442 78 
ASIDE pevetas ssi ctearcts' wichysrdly abs are a4, gra (Sau wLevaUS ative ashe: Sucyors srettbele adc ne ere 1,798 37 2 45 
Vea TIA EL TCH ete cater ones eter eb otete ra conte (ehetne heirs coin echar Ladera cL aioe OE 338 84 166 50 
NUCCUAMICHIBE MOTE CTE Os 5.2.8 ileus, cis ott ce ara ucnotcdeseuscocs tae pevclenel Ota ain ereIehe 32,702 63 3,138 75 
WET OOM Opava rere mtaisle robes bon cic cae Sarees ce aitas sods e fos al ela ies chyedetonsrlkenecsier’ Gee. oheionayeas F 14 92 12 00 
VISUAL ENTAy ES CLEMC Ole oranda ues cc. 8 ciao) savoaetle. yr ol ete duals, oo, oeltenetlopeuel bos aereaseele apetere ens £1,593 91 101 88 
PEMA LO LOPE an stoners seeesGaycaaaetause! Sic sibha totwleileila ae na ‘ane So Shine Sysavpsl siinuc ete eieaerscanwie ee 3,027 41 3,092 07 
PES east yen tere van tncires ave coc ss aye), st'ss.ct sissicaye tagel’e wv Niue, ova eoalenar ears ebencaats: nya pans eneeMe 3,287 91 1,088 88 
EU TEV geet eer te yee ae cece A wetevont hs Siatene oat cents che teewet o antitee’ cicraetePeneas eastern 5,962 08 2,390 46 
RS ChLLS aie ten etn ete Mita chbcus dace rt erada: apie Walleheus wlan SuacecNor auc cameos cepains oeaemecne mtb 2,016. 11 Bye ye thi 
MDECIAls @ OUTSES ae seals cleyartye so eiey ot aig vic auer on tans eae tale Muscat oly cathe fon eiekehate henctere te 3,027 43 1,745 00 
\WGianiabiny SOG so ecdane Sug en enoontd Goobedcesona hard Guha oonne 3,454 48 911 04 
ARVO MA RUM otetscreacsedt tages Smee eee cea a at Se tae ah eee nleba Sesthels Ch anaue Bauahclels © me fecsiersin watale 1,430 54 816 65 
PNGRV RDI INI pcan ae oa te ate etre Rae nate neha, wel Gio ees orbs ceewe we mers A O3G6<S5, leases he ote 
TENEVUVSTSe S19 GRA re Bac gr REN ee ee 3,978 60 252 40 
(CURE TINT Biva ptrlin Gf ais eee rm es Sat Ann Bott NE peace A En wR oes ne ee 3,724 57 1,022 39 
Cancimeent Mili ees Sh Ps cays ureMa tic aes tastes OILS) 0 Sees teas oauad hele he Te eter a Spi ore 753 a50,476 22 
PRS RMIPTOL ASHLEE may iets enc srsces oe emanate ial) ae Rie OS eto tere aero 2,387 97 3 00 
WEARKOL SUMMED) SCHOO s- o.5: nace nists oeheiede cea e Tat lal ese) Seeds RIO He ks Bae 1,198 14 171 00 
leGtirie wei e Hemp, we apn te, coer a elena eae oeel optce aid cee nattines GicnGe aie oe 15,277 62 5,444 83 
Leet tandeOantageneccs hssce tem aerate oc OED, Oe ene In cs cee 2 AAT GEN. er eee 
8 (SES bY ee aia gis Sith SEARO te oR CRE ER NIELET TCG cig Bc NCR nER eto ct eee eee 66,696 94 473 53 
MOSPUGAIS ate. ose aiepeey eu tontee ase ch a eapntdvne ects, sus a hee eegenetty diate iaieace theta le, tle ec eents 4,426 33 (het) 75) 
Miscellaneous........ ee ee RT SR Ae Gas AT eee 9,039 74 2,687 67 
OTNCETSPT ESC Clits Patera an wie dc oc Biochem cA eee re OE ee a En poe 1,284 94 279 75 
WTI Ge SSCETe TAT ES carats ocak care, chtiia. ces war uitons) av ate DROS tas aes PC 4,631 28 2,061 22 
OPTS UTA Teen ers chgey ak ise shs cara se ahs Cone eri he oe TOON Oe ay hele a ee 2) 500 G64) aac 
SCHOLES 5 Fa nee eeerc tee clo Len RTGS RNC rere aOR pen rh AI Seinn oh Seek we oe eg 285,275 08 2,702 91 
ISSCC L ANTON Aight ee i a eee err A ER aR GSES | he Ole aU na fa 204 30 221 40 
~IDTEACEI 01 CGY ACIS: 5 ates Se rei Ree ey ena hats Co CON Sinn SE a nm eA ohne Celia pot Be 1,557 84 314 19 
POUCH yen Mx periment) Sta tlOm.ttacils om cee sete ain cue ton ie bee. oo 3,069 92 170 77 
Wipper Peninsular Pxperiment Station 4 2. 4550146 os «ocean ne cca oes 12,362 67 4,608 41 
PURO RIS ep pa crease cheese oes leet casio Meter ane naka alates, oti aa EA Ay Seay clare eee $706,273 76 | $710,911 66 
Balancemberinningsfiscallyear July, 1OUGecr wy nerers incre PAWN a eer | ei aitta ee eons 11,428 52 
IDAlamce Ornelas Jue eli gpa tenses cone Mele ccoleiararetmeeenns cue on orate om UG FOGG FAD alsin ne tee os, 5 


$722,340 18 


$722,340 18 


aDiploma fees, $1,410.00; incidentals, $10,600.50; matriculation, $2,825.00; room rent, $16,012.03; 


tuition, $3,412.50; delinquent, $464.00; sundry, $15, 552.19. 


24 STATE BOARD OF AGRICULTURE. 


DISTRIBUTION OF SPECIAL APPROPRIATIONS. 


Dr. Cr. 

On account of— To disburse- By 
ments. receipts. 
Weather’ Service . icc on MEL ae eee eee ote torch es Se a $967 33 $1,000 
Nursery LicensevamdvImspectionk...- st my iuitickae tier ee ete tee ae 1,455 61 1,455 
SUNATY LIMPLOMEMEMES OAs spoke wacetecln Oe ene can eel Cah oie at eee eee 465..657| ccteqtetenesets 
SEIN) ol OO 0 To Reagan OR ries nr Oa ene ha RR RTGS ae et ee a) oe Ne bird ot Oe 25 00 25 
MnPINeering (‘SHOWS se. aokeueatece dieeusecotred lecsbeer ee Easier eC nC eRe eee 49,051 00 55,000 
Gym aS oP TT AS colts aise are oie alte esate ayer ie cae PNT Sete MT a nuns PER eter ic eect 100,096 89 110,062 
UG UEH dU y(oy tel Dy ot= balsrc) cil t= NOA Ge keene an eeey Semen ae ek iy en eos Tate hte hiRe ole rence ale 137 ,689 47 145,150 
Geo.7H Lawson wMemoniale ining wesc uckr: Sean ree hea eee ene eee a a 25 00 25 
ol C0) een nS lca ne ay RAR AEN Sry cathy 1 yy SRR WWE oe $289,775 95 | $312,718 
Balance berinnimexEiscal vear, wily: Wye li OilGiam sce serie na rarencicie te sreereeneeen | oie eaten neee 23,765 
Balancesonmhand yum eks OL OMi7e ne eicis eccreisue he center miei reece nee seer 46707 59 | crn screen 
TODS i peForerate es Ghee oe Re ee eee ace nee ae Sse aT ce AINE aes Racer $336,483 54 | $336,483 


TABLE NO. 6.—Experiment Station account for fiscal year ending June 30, 1917. 


Disbursements. soe 
Total Cr. 
——|  disburse- By 
ments each receipts. 
Adams. Hatch. State. department. 

Balance: July 1 olO 1G) sie sche nk, aids age «|e oie ee eee ae ee eee $5,157 
Wa Se Drea sur eres sess, hte aga | ocr evahe eae SS fel g euloreg ac ee oo aeag | eircom Sek ris ra ai CS 30,000 
State Dredg 135 cml wn ly ere ss reuse eeouth aes Mn cak cette eer te lee encieeris tetette | maciee oe eee ees 15,000 
HMertilizen sheesh ree Seacia ho. cisal lo crevice aie ach eee eee oie $976 96 $976 96 7,007 
Conimercial MeedyS hutis7. 5. Falsose oe iol eee eee 583 43 583 43 9,800 
Bacteriological: .2.22-5-.-+... $2,147 27 $513 49 1,361 37 4,022 13 162 
BOtani Galen Wiayte,ahevehcie oe 1,024 84 229 91 | 1,950 86 3,205 61 109 
BilletineGlerksseim. tee moons sea lll vrcle cust eee echae eel er the Gy 70) 70. "|. dePeecereete 
Chemicaleet es Sansui 531 42 710 35 2,191 90 3,433 67 29 
DairveEhus Wand tyre wy ostoce eee lntoslnre, ctehche seca etapa enemas 861 19 S61 19 |e aes 
DITector StOMCGern sacs eC eee 613 33 1,424 89 2,038 22 11 
Entomological....:..:...... 36 51 134 81 54 13 D9 - Abn seteratetemten 
Harm) Crops. Serene cea elaine eee seas 714 91 1,732 84 2,447 75 3 
FTOUCL CUCU aH Ry sercn terete the ouceannll heel eae ee 562 86 1,145 51 L,, FOS) Bie e austere 
1 Dill ose ey aici na hey aire ete Ree yn | NE RE Me 475 12 5 00 ASO 12)" |e secs eereieiars 
Salanies Fccisran mee eee eee 9,735 80 9,234 80 23,245 33 AD) D5 OSs eres earns 
Sechetary suOfiees wo Ao tO ee eel Lee ee 132 65 132) 65s sy ctenenenenene 
SOS Ae se, 258 hope see 1,524 16 1,810 42 302 45 3,637 03 4 
Balance Iumess OF LOM ss,-ak 50s lheeseanetebke we Retr eicierone eo ean eeu aero eens nes le We OW Aika oS A 
LOUIS yor: Gree ert eae $15,000 00 | $15,000 00 | $35,974 21 | $67,285 40 $67 , 285 


eee ee i ee ee 
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TABLE NO. 7.—Extension Account for fiscal year ending June 30, 1917, 


On account of projects. 


U.S. Treasurer, Lever Fund.. 


State Treas, one-fifth mill, 
NHCVEIEO LabCl oes, ae. shaves <x eee 

State Treasurer, from one- 
fifth mill, State 

Miscellaneous 


Boys’ and Girls’ Club Work.. 
County Arents’),.4..0-.6-0.2 
Control of Insect Pests...... 
Extension Schools........... 
ABN OS TOMS eas cwthe ee tes eur ose 
Farm Management Demon- 
strations 
Forestry 


Household Engineering 
Institutes 


Markets 
Potatoes and Vegetables 
Publications 
EU Citeye ey sneuet cee ah ayetev eran cavons vole 
Upper Peninsula 
Balance overdrawn, June 30, 


1917 


Totals 


Lever. 


2,774 


$43,059 35 


Disbursements. 


Lever State. State. 
$817 22 $8 44 
4,352 51 149 64 
o,020) 16 115 67 
Seo Oo ial! ctor dines ose 
PESO OG: It: beratagets eens 
1,395 30 34 49 
Ne EO BS eal erces rete eceteay oven 
SLO AO Cal listesthe oie cacerers 
1,590 69 8 37 
2,270 47 54 67 
7. Sha ees (bal Kee ne gare 
Sap aentdeawate oe pee! 9,282 57 
1,693 97 79 63 
RAR re oie 4,682 59 
924 69 39 
Me D209 “21 ha eee shee ates 
621438 Tle iareesser tiene 
2eot 
$23,568 02 | $14,452 83 


Dr 
Total 
disburse- 
ments for 
each project. 


$84,197 
| 


Vouchers on file from counties for $10,118.71, as offset to Smith-Lever Fund. 


Cr 
By 
receipts. 


$43,059 35 
23,500 00 


17,500 00 
138 05 


$84,197 40 


STATE BOARD OF AGRICULTURE. 


TABLE NO. 8.—Positions and salaries as shown by pay-roll dated June 80, 1917. 


Grade. 


Administration and Miscellaneous: 
President’s Office: 
Precidentigs vemioeiejcci meta etee 
Glerk. outa fs occ ep eeees etek beet 


Secretary’s Office: 
DI OKe UAE op Aas Gb ea pOGmo sy abebooso: 
Cashier 


Registrar’s Office: 
RREPISETAT Sree y ssonlss bie era aie ete 
Clerk Sess erties alcioe eee Ram Re cee 


Library: 
LID aTIAMy, Seesriecs ave ele. ces ote tere weds ce eke 


Institute and Nursery Inspection: 
Huperintendent he neces cee. tae Ch 


Miscellaneous: 


IN UIES Boo ecapehe aie na Neo Eee 


Slenorra phere; Pacos sects hee Sates ters 
PLEMORZTAPUET. ec ae oe scis steer charsieeaocatete aye 
Stenosrapher. 1. Wot tree: otis cee 
StENOSTAPNeNs siya hacentts keh thestene eee 


SLOUOSTADNET vcv oot roe ee ee ee } 


Stenorsrapher: och eee ote eee een 
SLEMOLTADMGEEs > ssres.c, os poise ees alee os 
SLenopraphnen.:s soos ceists wrse slots eee eles 
SLENOPTADMEN? face Gee eee yee ne oe rae 
SlOnoOPTAPHER A: a2 sles sla cts oles a omelareee 
pecretary., Yo aVl tC sates uate teeeias 
peeton of Band, Chorus and Glee 

‘lu 


Division of Home Economics: 
Dennis Oi ce: Wea ieee terrier ret ter 
GradimtesAssistants.. Gale ee eee 


Department of Domestic Art: 
Associate Professor. cere seierciaieleeele 
Instructors .eoccos ae oe ee ee 
IDStlUClOn ct Reese nce on eee 
TInstrucGtors..csck ceeds nee eee ans oe 


Department of Domestic Science: 
PFOLESSOT 3 )xd soe ssidancesavie tn nore chee Eee 


Melmstnictor- inte) ee eee eee | 


EMIBUTIICTOL sai. seein ee ee ere 
EOINSGTUCtOT «Sobre en sa eo eee eto ee 


INE SET OM eee a0 spre cools Goto ee eee ete 


Asst. to Dean and Inst. Physical Culture. 
IVEAGTON yitsts cies sctk is sv x 2 Cole shee maser ae 


Rate per 


year. 


Classification. 
Extension. 
2 Experiment 
Current. stations 
$6,500 00 Rois Sees nce eee 
1,400) OO Wesco eerste Cee eee 
850! 00 |. Scic's oie wcll eee 


os 0 a)e dee os eum 


cee 0 a ele 4 010 gis 


oe ee ee © 0 2 0's | = oes eas 5 «= sieen 
es i eC 
ee ee 
i cc Ca 
© 2 2 ee oe oe 60 |e = « o.0 6) ew miele 


*, 000) so 6.0 ae 0 0 0 is « ole \eie where saaum 


a0 ele 6 6 0.9 20.0) «)|\~ u wsie, » eae leuuronm 


a 
@ ©. © 0c 0.0 0/0 'e vi e)|\> Biwiel s lensi ela = nme 
Ce ees i ee 


Ce Ce a er Oe Ri Peer Po 


eee ese es 6 6 8 |e so @ wa wie eee 
ca 
i 


CC ee a een 


i cs 
ee i ce 
ee ee Cr 
re Oc) 
ea 
es 


AGRICULTURAL COLLEGE ACCOUNTS. 


TABLE NO. 8.—Continued. 


Grade. 


Division of Engineering: 


Dean's Office: 


TOTCSSOR ricci cceres sc istore lero otek aacvorert eis 
Assistant Professor 
INGYSF AWE ISIC) Goes ero ROCs CON ODEN ere 
MIS ETAT OT er crete: oa. cloial stars. shea © = lovelle. sehays 
MARGE MELO Sys sik ie cist ie sores ere ere louie 
IIS URGE Tee oe ieietc.e cnet eta cieeneta sc olecevaicie 
LITE UROIG RED aRs 5 EAR a ORES OCC PCDI 


PEOLCSSON Stone aie uta o. < & sled whet NORE aia lo erereveks 


ASSISPAN GE OLCSSOL: ¢ sco. 2: c5sisteras oe 6 lel alate 
I ETEICL OE ys eres slate tte oGlciieishote 6 cotta 
MUIAUTUICLOT er ercee vet cla neckonctone eiain fa sect ole 
UIST UO Te ears Sierahe. atcho lois siese. aimee e ciarare "eRe 


Department of Mechanical Engineering: 
HEN GOLESS OT oro stent aie ngs ain ah Stevaiae ase eaialcions. = 


PARSISLAUUL EeTOLCSSOD ele honctostore is fous)e sere ie che 
EISUPRULG LORE oie ror crais ee oiecormeiete Siaseraiie say er eicke 
BS PUUEL ODA ops caste ccere eM esaaiatelel oie slate. ake 
SR SETITCHON A ah erst. c aie ce EArt Tet etecotetenete 
PRS DELICE Ty aeiare avutsiorstel oie ev syetonel sta, wate ats 
‘Agsistant inj Woodshop. .<.snic.0.>++-% 
Foreman, Machine Shop.............. 
Assistant in Wood Shop............... 
Foreman Pattern Shop: .25...0% 2... 3. 
OUCH AMM OUMOTY oc .iial ois ste.6 fiw je oie ¥e 
Foreman Forge Shop................- 
PHO EH MPINGEI eka =. 0oy2 a oles oie dies coon eras 


Department of Electrical Engineering: 
IPEOLESSOUs Sette cos ei ae ates earcieiale 


Division of Science and Letters: 


Department of Bacteriology: 
IPLOLESSOL ites clap stn vseace Shee. 2 ake 


PABSISE MEE LOLESSOL cai suite alate cece wea .0s 
LEGS 0G Cpa Sn eee pean oe ees Seer Re 


esearch, Assistanite st. osha eas tle jena 
esearch ssistamt. cco cic «c= ole. faves 
esearch ARsistant > <n... ac uvecde Spaces eva oe 


Department of Botany: 
IP TORCSSOE cco ste sternite oie wince Se oho eNO 
Associa tesProresson-= se .os ee ae abide as noe 
ASSIStANL PTOLEssOLs. occ ee se eels eee 
WHSUTUCTORS oe ache ei ccs aetna laos aralarote 
Research Asst. Plant Pathology........ 
Research Asst. Plant Physiology....... 
EMSETUCLOT »c% a ace ste oan alee beve aca ae 
MISE TACT OMe eere oc wh oe atate eis ee eater a ore 
WMStRNGtORs~ ocve.1c A wks ee, eth tts oko eee 
Graduate’ Assistant: i092 afais es oe » 3 
Graduate Assistant bee. ase ces ters, cues 


Department of Chemistry: 
IPROLERSOT son sais ciselel Cuca e esa. ose sit 


Classification. 
Rate per 
year. = : =] 
xperimen 
Current. Rpntlone 
$3.500"00)| $a3-500) OON | ive 5.5.6 c)-1<2, = oe 
660 00 yo) (UA aac coo tas 
2,600 00 DYGOOKOOE |< srahtere. syarecas 
1,600 00 PAGOOn OO Nera susderets/sreratae 
1,000 00 M000! OOM ee sici= oe eee 
1,150 00 Meet ONOO! NW eeyatyne crosses 
1,000 00 Ds OOOT OOM ies ciao ccier-. cok 
850 00 850-00) |. ate. Sete 
1,200 00 ER 2OOTOOE |eteneccde ers zee 
2,500 00 | a2,500 00 | 
2,100 00 2,100 00 
1,700 00 1,700 00 | 
1,550 00 1,550 00 | 
1,500 00 1,500 00 
1,400 00 1,400 00 
1,300 00 Te S00 200) iis ciate cles 
900 00 SOOP OOS lacteinese es 
2,800 00 DESOOn OW) leenraccctesve oct 
1,800 00 1, $00) 00» |lotersae oe 
1,600 00 PGC LOOM |ere craic ote etetene 
1,400 00 1,400 00 
1,000 00 1,000 00 
900 00 900 00 
800 00 800 00 
1,020 00 1,020 00 
1,200 00 1,200 00 
1,000 00 1,000 00 
1,200 00 1,200 00 
1,000 00 1,000 00 
1,400 00 1,400 00 
780 00 780 00 
2,800 00 2,800 00 
1,550 00 1,550 00 
2,800 00 2,100 00 $700 00 
1,500 00 1,250 00 250 00 
1,800 00 900 00 900 00 
1,200 00 TE QOOV OOK strike oe meee 
1,000 00 LS OOOOOR | -rarsarstetetetsse.cs> 
200 00 ZOO) OGw| 5.252 sereveteeeete 
200 00 ZOOLOOL baer ors 
200 00 ZOO OO |" Brace eer. oe 
T5800) O08 225 oars acters 1,800 00 
T3550" OO) llsaevece se hition 1,550 00 
LT 200. 00S pacts sabes 1,200 00 
2,500 00 a2,300 00 200 00 
1,800 00 12800) OO" [0% a ose 
1,500 00 TL DOOVOOM na... eae ee ee 
1,200 00 1200) OOS a ye cciectetora = 
1,850 00 800 00 1,050 00 
1,850 00 ! 800 00 1,050 00 
1,100 00 1EOOM OO! | orocterees detaches 
1,300 00 MES OOOO ete. ere cote eye 
1,200 00 T2OOMOO) |. sca.) Here ee 
400 00 ADOIOO Al es Soe 
400 00 AQOTOO Neat toe ee 
te S5OUOOMI acca eee. 1,350 00 
2,300 00 2,300 00 
2,000 00 2,000 00 
1,400 00 1,400 00 


27 


Extension. 


sJace. #61 eo p\s © 6 b\alels wie os) a) sis (50 


Se ee ee 


i 
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TABLE No. 8.—Continued. 


STATE BOARD OF AGRICULTURE. 


Grade. 


Department of Chemistry :—Con’t 
MTISETUCTOT. iuteuts piss ocho cremate ara ote eaete 
PMSUMLICLOI:. Se siccottyers le hh os entoratele t eoietinrs tone 
IMSTTUCTON ice sie Oe erete-cte te tees. sooo 
POSELUCTOR Rc lots Mee rs hehe Osea o casbakeneres Le 
TNStructoren w.seeeertes tai eee rerne ree 
INnstructormcekenn nee hc aee moe 
TOStTUCTOD 5% mnstie, viel ee eee ot renee eae 
TUMStMUCLOR. ote notte ee adie 
PTS ECUCtOLG (hoe Segara eee Ee PORE 


Department of English: 
IPTOLESSOT eS fas oe eek ae Chasen Sheree 


Department of Economics: 
IPTOLESSOR ee Bilan ce ee ee Oe or 
Assistant Professor. scenes ont 
IMS tMUCOTE: es. ook ates een ee rarer 


Department of Entomology: 
IPTOLESSOWr Sen ciel. coc noccde tote eer el ete erate 


TS GTI CL OT oe oo eS a ee 
Specialist, Control Insect Pests........ 
ImspectonoLl A piaries: 22. sa aes, cake 


Department of History: 
IEPTOLRESSOL Sieisic se Sus ce Scierele Savio is carede ye ested 


Department of Mathematics: 
IPTOLESSOL cece lt a aoe eis ee bere 


ENSETTICL OTe rcatete orate teres, sae enone eee cade 
ImMStruetoree. eee Re iin OED Sc 
IMISEMUCTOR SS are fee aa aero aoe ele eee 
INISETTUTC HOT theaters it eae cee tererE 
INSTRUCTOR MS iether Ole er cae eo eiebore 
ITISETUCTORS sais chen ee een oan ene 
ENSTUCTOIM ORs cesta ens cctv eienels aera 


Department of Military Science: 
Sergeant and Instructor 
SCIGN Ce! ys eansiid a ars Oar eye anne ae 
Department of Physics: 
Associate Professors fy s2)< bok ct snstereheratenels 
Assistant Professors: os. ~e aes cae ee 
UMSECUCTOL: do-vcrsdhintte Aaa: ee eee 
MMISETUCUOL soi. Sea obs jetats Biv ete eae eee nates 


Department of Zoology: 
IPTOLESSOR sa stsunie oo oleae aie ACT reas ee 


ASS StalteeTOLessOM, sac stern eterasterehe 
PTSPPUCTOR MIs vce) os oie ake Bees we ee 
TMS HTC TOT oy Madea laos sua havens atlas ein nate tons 
i bay=}ri) (6th 0) Sa eRe Ra ORE I Coes Co ekc ocr 
MN SPLUCTOM seco ecucoaw o seston A ieioeetine 


in Military 


Rate per 


year. 


00 
00 
00 
00 
00 
00 


| Classification. 


Current. 


$1,400 
1,250 
1,200 
1,050 
1,050 
1,000 
1,100 
1,050 
950 


a2,500 
1,700 
1,500 
1,500 
1,200 
1,050 
1,050 
1,250 
1,200 
1,000 
1,050 
1,200 
1,200 


2,800 
1,400 
1,200 


2,100 
400 


Experiment 
station. 


o 2) eerste = 0 6 ee 


a 


Pe a et al es at Cd} 


Extension. 


ery 


o ee ew eee o@ s6 


ey 


PON We Se 
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TABLE NO. 8.—Continued. 
= Classification. 
ate per 
Grade. * “year. = =| Extension. 
xperiment_ 
Current. Station 
Division of Veterinary Science: | 
Veterinary Department: 
IDEN pis SCk wero eREAAIaG Gig Sit ee as $3,300 00 $3; 300100" inc cos tuts lel Witoeieyanace restore 
Assistant Professor of Pharmacology... . 1,800 00 de SOOT OO ito oacsteche fs celle eniera eee eoeics 
Department of Anatomy: } 
PANSOCIAteME ROLESSOM 46s asteieie cyeteseuensse, yee 2,100 00 2 OO} OO Wrre.cFor teves Beaehe Nelo o78 BON lass 
Department of Pathology: 
ASSO CIAL HE TOLESSOR sec. oc reyeteiecck eye seuesueus > 2,100 00 2 MOO MOO la nacor steve cnevexseves| tkatey evataraes snake 
METS UETLEE Olea otter ee eer ort ack ale exec ase ane foyer sie sel s 1,700 00 Ay MOOCOO MIE Ralccteeeyrce lm atarerderds oc 
Division of Agriculture: 
Dean’s office: 
WCRI: Soo, cas cceveieS hake Sas aie os wine aede ete) 6 3,800 00 a2,300 00 St HOOLOO || 8 fae seaiets oe s 
OCT ere circ ners arate oe esl we tiotetas 700 00 OOS: OO)" | ear cte Socks th ote tell lecarete eh navel ere 
Department of Agricultural Education: 
EROECSS OT ert ttre crate wheter abe; cae one cateavekotershs 2,800 00 ZESOOH OO) | actotetavereters ant. |leverele rete castles 
ASS StantieeTOLESSOLs 5 fs sijaiets ce cen crenle 1,750 00 TF5O0 000) etad cam pusteetaltete crardditendlas 
Department of Animal Husbandry: 
IABSOCIALOLPTOLERSOLS J so eee sos Se cee ees 2,000 00 1,800 00 200) 00 | 52 eerste 
MNT STATC ROL sore tte ierae eerie: fics eile iin tin olay 1,650 00 D. GHOPOOE Na ees ets ere atc eter 
]INGS AH VICARO) bg aera Aas Oe OO Re 840 00 840 00) |lnn. ew 2s Se. eee oe 
Department of Dairy Husbandry: 
SEOLESSO Letters se rceyscnsete ole ecitne Ala wala 2,800 00 2,600 00 200 SOOM ei <f..0%tseviete 6» 
Assistant Professor 1,650 00 L650) O06 |. sa nteyacisccyceilteh vee ienstereeo os 
EL SETTLE OI esos Tao ele oreo neko oe cirm atons 1,000 00 1; COOP OO leh Steecave pees levee tie stare aoe 
2 TPEYSE Rat OCG} 10 PA aS eee tei ee Re eg 770 00 ETO OOT icc Se ear delaparl| Chee Bye mages 
RS ITIELOTE. wre rer eine eee con aes 900 00 LOLOL OUI eranteete © ote lets ito et eras 
MISE UOTE aerate cceneie eee ene 1,200 00 DL S200) OO! Weesc ahs & Be oes |e ae tees 
LVS oath, BS Cee ene hae ne eee Om 660 00 G60). OO: ie tecays co crtesra lone tas teers bes 
(CHIGTH ES SS Set eRe Re eT eae eR ee 8 700 00 WOOr OON | idteercse sare eel ere seit sar 
ASSISHAM AD. DO) ainyAME ss. 6.2). <i as aie a ara + 1 ZOOUOO er ois see creee LF 2OO ROD Phersite tates tee 
Assistantin Dairying... sss... s ee ones Q50100) Ne = cs ae oc asc. = S50 sO0) ae pierce 5 
Agssistantin Dairying... 0. 62s5..6. 622. SOOSOO! eae oe eu ae see DOO BOOMs | eer cited teres <a 
Department of Farm Crops: 
IEEOLCHSOGS ¥.05 ester els ee aS 1,900 00 LA 900F OO! linscctane ees aeree hati otiaben esse 
Expert in Plant Breeding. 2.) s2 se.) ss 1,950 00 450 00 Le DOO> OO) Wrote rerteerotiein.s 
MED SE RU CEO TR hein pee are ae ric ee 400 00 AQO OOM weavers cytes lorie tree oes 
Assistant in Farm Crops..........0°.. SOO 00) leis en anes 900100); |ise eee ee 
Department of Farm and Horses: 
DIUperMLENdeNt occ nae ote fee meee 1,400 00 TA400) 00) Wieacs eeseiaca|l Sona eee 
Department of Farm Mechanics: 
ASSOCIA ME TOLESSOIN. 7 ie shore coeds dian cle 2,000 00 1,650 00 S5OMOO' ihe: He artes tere! s 
MUISPTUIC LOIS § sac ceverr eke oe nites eke sore 1,000 00 LOOOR OO} lieerercn cragnealle ei: ce neces 
UIST CLOTS eters ees ae ee oe neers 1,000 00 f'OOONOO S| sr seecesncyoeem le Seca A 
SEP CLORS sare erer ere oa eee ee 780 00 SOOO hex eechorer Se izes |tole Me eee ete 
Department of Poultry Husbandry: 
ASIOCLALOLETOLESSOL. one ae arias ee ee 1,400 00 1,200 00 Z00COO Le. acters es 
Department of Forestry: 
AFOLESSOT eet to rn eee a erate ae 2,800 00 2,600 00 ZOONOO? | hcrsio aries ee 
Assistant ErOLeSsOL as cts eee eae 2,000 00 2 OOOLOO |e ois ers cero ca lerereitere, tewnrers 
NGS CEMELON a ae eo Cee 1,800 00 LF SOO VOOM outst aera tes [alee seers 
MISETILCLOU. css otis ore kee eer cee 800 00 SOOKOOE iictcceteiens, ote sicacl | eee NS - + 
Department of Horticulture: 
IBTOLESSOL 28s os acess cs Seay Nee ke 3,000 00 a2,100 00 SOOSOOI ea tusrerterciecs 5. 
PASSOCIate ETOLeSSOM. «2; svc cus she eteeue 2,600 00 2,300 00 SOO" 00) eee ye zte ct 
AS CRU CLO Mt ern Noi rome rae ee 1,600 00 TGOOEOO ME kenerete cerca le ar tab nes 
WHISERUCLOR Ac «2 eas Ren vee Parton re 1,400 00 i AOON OOiaileeeks st crshesse tate toe eteraisvere te 8 a2 
HOTEeman Of: OTrenarasice sc c- seeere oe 900 00 OOP OO aha sym eas ates cae 
Research Assistant in Horticulture..... Te ZOOM OW) erst. eee aev ehdue-s Le ZOO OO ame a ees. s,s 
Research Assistant in Horticulture..... e200 O00 lieteversa cctre oes A ZOONOO C sercm vent Ace 
Assistant in Horticulture... 2. .2...... 1 FOOMOOM A arenes cto a DOM OOM ie ae © revstaucsegeuens 
Department of Soils: 
IPTOLEHSOL ae eis ences dae Os ele 8 aromas 2,800 00 2,200 00 GOOV OOS a sess < 2 sco 
ASSISTANT VE TOLOSSOL Sravaieun relate arts, s0rals eis oe 1,750 00 Re FEO NOE || Sey orart hg Sksyeielt | Suascic dt taledareranehe 
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TABLE No. 8.—Continued. 


a Classification. 
ate pe 
Grade. year. = = es 
xperiment 
Current. Station: 
Department of Soils:—Con’t 
MEISUTUCLOL fare ciakic bis ciel ovevsess onetoiefeueteieine ote $1,750 00 SL 750" (00 9|\ ctenteter ete ote 
NMIStrUCEOL Ss is 55.5 Sac eri ticke ere Manresa cies 1,400 00 4.00) OO) li) rene opemneiatee 
MDSUTUCT OR A cacao sete cia ole ne rete 1,000 00 1 O00": 00: 4|t:s.tare,faktelere 
Graduate Assistant. coe ne secs ee ner 400 00 400'\005)|'5. 2 ete 
Research Assistant in Soils............ PAPCLUOM OU A eto oeee on ace $2,200 00 
Research Assistant in Soils............ I OOOO eer eae micas ,100 00 
Chemistry Division, Exp. Station: 
Chemist <2 Sica. Gee oe eee ke 2 OOOTOO TAs eerste. 2,800 00 
Research Assistant in Chemistry....... TE OOOSOOm sax fe cuca ene 1,000 00 
Assistant in Chemistry............... LAGSONOON | crenateraeyeteiei ers 1,650 00 
Assistant‘in Chemistry: <2. 5...-..-.0.. AE USO SOO srstoretenstee erotete 1,150 00 
Assistant ini@hemistry . 0... <= os sin. 0's it LOO ROOM sicroratersysteretetore 1,100 00 
Assistant in (Chemistry ¢ 25 cele cs ele oc TDOOMOOKH Se. e-s)-csvelenetei ne 1,200 00 
StenorTapHherssocca.cn eG assis oes sleels ote he GOOROOM |e neces beers 600 00 
Bulletini Clerks yrce wees seis ote 66000) hace ie oer 660 00 
TNSPECHON. hee ee ee eee renee 1 6200 OO! |<. eee tee 1,200 00 
Division of Extension: 
Administration: 
ID Agel 10) urOieete cu MANES ite ROOT AG eee 3 2 000 OO) Wie Sexi asetepeaiape | ave aus rac terete 
Clerks es Hoe Melos Be otelghe thee Wiles Bees 100) OO) lies: d.e aici ere aeeiss] 0 ocean eee 
County Agents: 
bate sbeader Senate ctasctn + Rake etawlot ie te By, LO OOO ale ce toreretots ase stall tesatedeletonetetetets 
Assistant State Leader................ POOMOO eles ies-telet-tagetetet| sie tad-teten er arene 
Agent, Allegan County........-...: ee GOO VOOR cous veh eueuereneys ai liakeberetiete eeeeteeere 
Agent, Alpena County..........:..... GOO QO craw Sich tte clernallletehcleqoee eee 
ASent. bercrien COUNTY. .teiise sien eres GOO MOO) |e sicle sistersce co yi] aici eetereronckeaate 
Agent, Branch County... 0... ....:.... GOO (OO) IIisczis:s. 205. ove se sell! caotapatohetetetenenene 
Agent, Cheboygan County............ GOO“ OOK) acs: ds:scccctshanecsuen|| em acer oe teaetonate 
Agent, Dickinson County............. LOCO nin cacsteulmcses do odacac 
Agent, Gogebic County............... GOO 100 hs s-sin ihhvessta he |aretets one ite 
Agent, Houghton County............. GOO KOO eisisvaersetterd tho allicte rs enasatteteusete 
A Peni se LOT COUNTY: eins cls cisions eueccberene cle GOOMOO g hretete cnavopelenstater| syste ietomaretenenane 
Agent) Kent County)... 0. cce sooo TOO SOO | sare nec le 2 ceeey Soe 
Agent, Lenawee County.............. GOOZOO Gis: s s--tais. 2 ue 3\|\eccneteerefameteree 
Agent, Marquette County............. GOOTOO Fetaciers ears seni eater ree 
Arent: Mason COUNTY. <a. sccn een eels « 900300 8) ses vee ce elo ee ae 
Agent, Muskegon County............. 900700) 55 acd seen oer Seen 
Agent, Newaygo County...>.......... CLOLUN OCOM Eee Be erre ote Aes oc 
Agent, Ontonagon County............ 60000 isis. nt ational eee Sere 
Agent, Ottawa County... .5........- 900-00 5s winds ie ae alloote eee 
Agent, Saginaw County............... GOO HOO pia: os ee SO eae eee 
Agent, Schoolcraft County............ LOOM OO Seem ois salllotooe.ccc ace o- 
Avent: St-/ Claim cic wipes otie sarees ole GOO OO.) jc: Sage) o\adecattetel oh koe ected eee 
Agent, St. Joseph County............. 600.00 +s cle one eee 
Agent, Van Buren County............ DOOROOM ee cher eretetere tere ol eterno oueteeen tant 
Agent, Wexford County.............. OU MOOE ltaveratens tet teh clter ot lene revelayanexeteteioes 
Agent, Manistee County.............. BOOMOOE es. wiaete sieve « lleiaus aie loca heres 
Agent, Menominee County............ {0/05 (00) Sieg croc Gta) Goo cko a 
District Agent, Upper Peninsula....... THCOO OO Ti. -n)e: ckenebsiee wah 4| cee Sree ee 
Home Economics: 
Specialist. 1.055 hz isis oo ote toate e eaceeteae D600) OO» |Site etecke ote ates ltrs sie hoeee eee 
ASSISPANES See o oa syetele.s on ielocumnonbe tees | 2OQ OOF sis. sar tare. css heel loceke rete ieee eae 
Assistant: tints s ciess Seaioee cen cies SOO" OO ti) 5 sseccratns Miate oils aneventoreeetar eee 
Assistant. hoo disc cietereis s stones teed nel sono W000 (OOS) -noiaten aovehe eceteme renter 
Boys and Girls Club Work: 
State Agent... sc sim 2 5.4 ototetayetcisiete vers oie FOO: ODA | eeeieue's alate where 2a |) eve ero 
NSSISTAIG |. ieee dake ons kro here ae ear eeiehae ene ZOOLOO 4) Shaina e fel petene tol hs steueee ee peeaneee 
ASSIST ANG <_ aielene > esctecove iis hess sau ore eres SOON ood tog 5bonooliicord ones os 
Farm Crops: 
SDECIAUSE. 255.0 sons borers Dic teeloltetet erste rs LE SOOO ON islet. sf lea mr eee 
Live Stock: : 
BDECIBUISE coe io be a. Beek btetetetetehenerterctole 2 OOO7OO Aircchisscs% wis sis los ieteteleue cecal 
PASSISGAIbicls sole ccs es oa s-sie ae lel obebetone taints DL: DOO POON Es sera eters sles ete be moe eee eee 
Horticulture: 
SDECIAU Sa ae state (aia aie erate Woe ote s eeteorante ce pe 2 OOO! OO! tl. .cie:ncieve, cre whe ei ects Seren tere 
Potatoes and Vegetables: 
Specialist: Stiostlnceeeceelowiictan ee see T800 OOS psn Week ee tel lett releremis . 


Extension. 


2,000 00 


1,800 00 


(b) Other sources, $1,000.00. 


(c) Use of rooms. 


House. 
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TABLE No. 8.—Concluded. 
ase Classification. 
ate per 
Grade. year. : : Extension. 
xperiment 
Current. Station: 

Household Engineering: 

SIDE OEE et SO ieee ac Pica rh See rE SE ZOOKOOs | Perse ctertate as | Satneche olan eras $1,200 00 
Forestry: 

MPCCIAMS haste pico. certo ieee le sae ae Ee ZOO CO ee es recaps ciacie Ale ciadelet chersre eto 1,200 00 
Institutes: 

DLENGETADHED: i). sinic sates aye tehe. ec ardtclodsteleiere- GOO OO | saa cehece ase: ally char aay eteks. ors 600 00 
Markets: 

1D JINSo0) Re geet oct ec. CACHE CERO TCR EER Pi SOOKMOO? |ereycciele sia setverolleverste sor ohe a dectovents 1,800 00 

JOSE GET AS Se Ra RIC ERE CRE CHC HOR ET CRE SOO VOOM a erarek score sedi [eta reteietetonts 300 00 
Publications: 

ler Re ae Seah Norge ee gale D teheem ean’ ARE OOK Perse ete shove soll stavelate tole ansverors 480 00 

PAO UALS cto ore 270 2 ePanete: Severs Siare: sors) 61 evar hw ase apg 00 |$272,375 00 | $42,755 00 $46,180 00 

A | 
(a) House. 


32 STATE BOARD OF AGRICULTURE. 
TABLE NO. 9.—Salaries experiment station, fiscal year ending June 30, 1917. 

ID} bie. cl lo) eae MED ENC RRC NOL une ACMI. OO Oh Secon SOOO Judo doa olan or: $1,500 00 
LEE Ke} Yel ho} bola |: Seon ieee Cee CCDs eo OP AGILLS.0 U.3,0.0,000.0 b. AADC ero On sos bos 700 00 
ASSISLAME SACTCTIOLOZISU | 2). Siiccele stelle cco eee Liv one Onan eRe nena eRe eiaviotc’ a arc: cote Oee nena ney ane 250 00 
Mescarch: Assistant in (Bacteriology sac sav cw wuerohetetorsterere stele) o/c» eal sive orci Sener eee 1,800 00 
Research: Assistant IniBectreriologys. .:6 sc ac oe ledetevs atenetene ates o> c'2 oe cpeieeen ce ene anne 1,541 60 
Research ‘Assistantiin <Bacteriologywes sate one sieeeiei ns «it oie o bhatt ee eee 891 60 
Research “Assistant, in) BActerlologyse. oyc.°-1 5. crenetenetereweietel shes eevee. <sclave fe cleus Chenin Oto nae 118 00 
Research Assistant-iniBacteriolosy,.\.. 25.55 «1. stessieipiete casks ole e's oyold vie, sender eee aa 997 80 
Je (0) it 301) een ee ae ee ne eee RRR TR c's 3 Ot NRG REPRE So Gon nano ene 200 00 
Research Assistantin, Plant: Pathology:..cmc terest ie ec lous «ches tion oe eenere nena eas 1,050 00 
Research Assistant: in Plant ‘Physiology secrete cies ochecs ss suchen calcein nee) eae 1,041 50 
Research: AssistantunwPlant. Pathology casa = .erctemetees can cee octets oeere ane ain erteen nana 1,341 50 
Agsistant in ‘Celery. Workin \12s cis oeaheteis Mie eon ee lore ovens Duis ieueter cast ake ene pn ee 98 91 
CG) Tcl ea) (=| eee ree ees cmc Ae PM MOMS E coolest G5 0 Uh OFM ROR OTOL coi biden. & 2,799 80 
Research Assistant in.Chemistry:. ico acres master taltmnescie cise sictars cic ices ne 1,168 60 
Assistant: in ‘Chemistry cece ciis sees re ekeate ate esaee Cate baer teh ined tal om one cacite aeetO ee eee 1,594 20 
Assistatit In: Chemistry... sci thew, teino terete dienche Lege ae Rtare te te Towa ire aii de lead cia 1,141 70 
Assistant In iChemi shiny Arnie fap cis ccahoticich axe Coe Syste teeeteee Bate cre aie ice ees seen eee 1,130 40 
Assistant, In (Chemistry crewrerstscc osara resto chars ties lace eres eterene smn deere be eealle RI heen 997 80 
ASSISTaNb NG emis tryitrckciee pews acca a eus Te week Sik in, Seede hepa Ente otelks reariile orc Rev diee, chorea hc ewe ean 743 24 
ASHIspanbim (CHemMIStrys nies octsee Ae sah Se eos ie. spertace sare cee eed he cies. aie nacteueieis tear eee 749 20 
Hats} ofe Ohi oh crocs Pe cute eh ENA Ce DE RRR eee Ate nh Od Se MMAR RT AOI CREO oSiu.s o 1 997 80 
ASSOCIAPE VATMIMIALGEL USD AMG MIDI v.55 ihe cc ease sede te SeeeepeM Se OPS ci ego ae ote Ae ee ee 200 00 
SIFY MENUS Damiani se aiieis ss cketas Soon Gas o eh tere ate ebareme topes pete cocic tedeve Letioiicrc ket cet ane 200 00 
BANS hitsheliis hae] DES) hae bol aaa een MoI er cece eee min neta nicl cicmetars: ceorcic th ota olen o E’Swr ova nS uc 941 60 
PAVE (iat At hold DE hhiaip hater rn Cane Oto a come eas CATO Oe ce CSch O.GOlo Lio aoe 6 ¢ 1,174 70 
SAC Ep riolirhy lai] DEG U0 ene nee on een Carat anima tie diniact oe Cane Gea fo Go msc 748 40 
DSrahi(oydata) e/a See eee wena REA arRe OS Cees anime MC OLA Citas Scouts en vers Gahthtomm ao hiatus oon So 400 00 
IVGACATOLD ASSistanit TE MbOMMOLOL ccc iea-vs, ic Aponte elt tronswansee a etame tere eter cielo sake tal clei ie ell ea 1,800 00 
ABRISbSND ID Entomology.akd i: oak 12k Caan tents nloneiineeh eceato ee aliclens te ete chee ern eee 250 00 
ASSISTATIG UCD MtOmMOlO yA esc cc sassedcns was ce aime tuane Teretslouseainte ccoeie a rot ticks curse th ok ae nrc wea 125 00 
JASSIStatit di HM bOMOlOSY: ..c%.,.aid shes a src vrcevel lousbs o stene aueionere ooo tevesteictonal cr ausarm ene ee ie eae 125 00 
Barm Crops: xp erimilenit Ox oc,..00- towsesc Bete capete he 1 le yoreheers biiele we Ove ley eae leheeeie ene keen et oe Relea eee 225 00 
ASSISTam balm Marm: Cropss f..s cbons tsteco pene easdelsge) ols aig) a eM stay nile oyeeeainatere aus ieee erent h eare gee 900 00 
IDp Agen) Mol ME yepeMelsoMNs Geos bo cop du ooccenHow coc OmodoUGon be DOogsdssSsoboo boo MeS 1,500 00 
ASSoclatenim Parm IWeCManmics:s™ - cvvecrs.cporeccaonstele ler hoe iebo eg seiieces be Teg cies Iota See 350 00 
A Dlo hes: 1c) eee i See Onn HERAT En Rina res hen RAR vac i eid ee ert AE a wo bas 200 00 
HOriGuittist and: Vice=Dimector sii ks ose eats sae ste eee eed lel oa Ne ie eae eae 900 00 
JNA los woh an aon ma dosoe MeDOU Se Ds OO bucboncsdooLcéHouadoDAnOo SUBS 300 00 
Research Assistant in Horticulture 600_00 
Research Assistant in Horticulture 1,200 00 
Assistantin Horticulture: oo Rosie. ius fc ckonuiie ale cee lenere aye henret atest ysaeiny eye oe yen ol ase cock ey oneness 1,541 70 
Agsistantain: PotatoswiOTkis neater w+ eiecruensieie eat sake ore port ieee Carmen nts eae yrery h tease een 96 13 
Assoclateseoultry. usbam@manmts.. 5 =. 0:-quesaru uuecsome ehobag henet sects ese oe) orsitstenan seein Sickenee ears 200 00 
Soil MBB SIGISt cx caches contre sua ene eves ig ov ch olis wallevrats Feday see TonctepeceheNe ako ters. ordin este /ouans tcilccen ae cokers 600 00 
ResearGhASSISt ant dM SOUS mc, sate Se cic cecete dan srtoge ore. arene eternity aye Seer a neceleye atin oye tee ohare ae 2,199 90 
WVESCATCIGASSISEAME TMS OUS a5 scircvene eteucge, a eeneekay tha eoevetwhalietaltensl or lomeae erstellen eestswiut, a) Miners eee 90 70 
MG USB eee sete eee geese Met oe fo eens Moco cha cove ve eslolge ye tava 1s Owe MOUs Raveena le ave Laila ro ke TRO AS Raat Soa 120 00 
SOCKET i sya fis ce ia tate are teeancttetele -aeahaes tors renattee she ca) elites oye deena aoe age wee eens at sania sue ge Rn eno ea 700 40 
(OEY |0) 1s een ne in ea eae Ree eae eer re ar eat TS Sok wntt A cat Gl oir t Oinicie oo O ib dicecs c 200 00 
BOOKKGODEE . e Fca ies cree fa sls Gl ms ravtorrd AGG vallangs tw lel apeanfoo] Ritotoe a Faure te ios a NNES tlre ie Peete ee alee 75 00 
BOOKKECDEI Seo Me Sak Se Sie eee dais ace Eas leie eptlle Soa) ob ete eccedisteptuap elise lo Neiman phe ralelsall sal sila eae ene 25 00 
(CATs ol ee a Ae te re, Sn nt ee ee Me ct he oN hte Solas tm abineo DiC.o's oa 125 00 
Stemopraplrer® 2ic cena -ee.ces aa eae ave 2 Ave Maeda Serer ose vore Renee egress Ce eee 44 25 
Stenoprapher: 225 die clics ee See eee divs liv aos. Guay Shahin a eae he areca sees ee ee eau eee ee ats 544 50 
IBUlletinkGlenks 2 No.2 6eo cee we esa Ri og Ee OA aR RI eet edt cr ee 660 00 

ley rst PO oe ee SaaS ee he mi Ct Nat ae DRM MMPEE St iy Geto Lio bo $42,215 93 
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TABLE NO. 10.—Salaries Extension—Lever fund for fiscal year ending June 30, 1917. 


oo 


Administration: 
TO MIP EYEs aes reg oa aahy le aegis RANI a a RPS Oi, Aiton AERP EREERO TA OM UENO HEDIS ORC eS aca Ee 
CaP ee oe RSE Se BF ab ecu nt oss ROT CORO Cho CE NSR BER GACT OP RCICRT. G.ORCIC CRT ach OREN ac Ca Reet 


County Agents: 
Sie IDG GEL age BIRG GD DiC cus GUD 0 OLS Saks Ohio LOINC EanIeO CGI: Ok CS cL Error 
JA SSSVQUTLIMGH ANI LER NO SIE ee et aeoit Oe A ee Ooi en OURO DOIe GID D0 Ob Od a. do ce Domb ety UlbIee om 
J\aGiilg Slee Comite ets otinod cy ln au coSuaD OND oCoUEpade nc sUDaonD ooo uncedo DoT 
INE TITS UNIO Sate Clo MLN Acne lowe n OD ciclo Ho oid bin Uidlogioicio Orc lg Oa mectab cla, hor 0 ule Cord) bictaic-capigS 
Lvheinirg Bvemilgn COUN ioe 4 sap Sos aaa bauc dot on Se neo 2gpeaupoemunodd Mondo ede dc 
INEST, JENEINON (COUiMN~s ao Hooch ono, ooo be bnoee snbegU UES oe mec omens anno docan- or 
iNEreiait, (Cleve lon fein COWL A Saeco ono ns aro 6 pd ocmO 00 OuInrO One UO Ue Op oIbKIOCam oer oe 
INTC, JOKE Sine Oil CO MINATE gcoo nob ppocdGAe MoO CoU ooo rE aoe alin oonons anomie cone bie 
INEBiiin COEG ie OMMIMIT. 5 o Sabb oon bo Silko udcoombopootoopoe amb omodsonemacueb or 
INEETie THO UA oar COuiMin ny sae oponkogen be no ousoge’scooUeqe bose dpuduGeuso sean oor 
iNeerayts lla (Gre\biilihyqews ons bom CuoUE JOUR Home oom nsw rT ood Oo saced os Godacoooo,0dG 
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Home Economics: 
PSEC TAI LS tere eee some te alka ers Serer oie syed) sears ars, abe Xoeainas cust her aS afeuels Sei eranse, trae cesarean Meee 
Assistant... 
PNGIST SE ALL Le Tee eRe ed Pree es Les ee RPA NE NePeasse & aurthm aorta Sa ante en ater fava tena) athayy asta tata oe eee tel Maree 
STS ea EMG mene Mew cee Pee aiel ou cieol cae see oa occ ohn Pk Maier lic, eur risyeholeiits Whe sere aiee ca eed ene hey eee nen 


Boys and Girls Club Work: 
State Agent 
Assistant 


Farm Crops: 
Specialist 
Specialist 


Live Stock: 
Specialist 
Assistant 


Horticulture: 
Specialist 
Specialist 


Potatoes and Vegetables: 

PSU CCL ALIS fers etree revere hie nae fares toeNsts. la Bras. s alts, NS taycia toes ehca ame eee aie eo att eae iets 
Farm Management Demonstrations: 

IDYSsoaXoy a Shieh) pee gnee cham NC ele os Ones meh gemma eel” Raa ay AL Ra ae ae VR 
Entomology: 

SPeClalst me ONLTOMOL Imseeh POSte seni tete Sook ms stk he, Pee i a sot Goa ars 
Household Engineering: 

SS DECIALIST Arti ae sehen rare eet nevna rs oye ae aceteeee ars, Sesh ore Re ae or awsen cig Res eater ale ce ek ci cuebctone ee nar ties 
Forestry: 

SPI OCLALIS brctrci steroid Gieircreaahote cli Phage BA cane fel atte a taees aud Some itte aay al hak oes taees 6, RRM Set ramets 
Institutes: 

Superintendent 

Stenographer 


Markets: 


Clerk 


BRS (Msi, em Gee De \0 my apie w) ofie) wlessiiaiis Wiis lenelin tetetia site mo ela dip is aliaberte g!ie'e, is s ee ce ejele 
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STATE BOARD OF AGRICULTURE. 


SUMMARY OF COLLEGE INVENTORY, JUNE 30, 1916. 


College farm ‘and park, 671 acres, 27.5753 «oh sees re ste 


Athletic field and drive, 13 acres 


Purchased: C: D. Woodbury; 1916,'308:82 sacred o>)2.-02.. cee eee 
Purchased in- 1913; 27 aeres bre. vento tien eel Gane ane ee 
Buildings— 


Library and museum, built 1881................. 
College Hall built 185626 65> 5.05.)s ean ee 
Wells Hall rebuilt 905-0672 a2 .ce eel. atte 
Walliamsaktall burt 1869) 2)... essa eee 
Abbot Hall, built 1888, addition in 1896.......... 
Chemical Laboratory, built in 1871, south end addi- 

tion 1881, east end addition 1911.............. 
Vetermary laboratory, built,1885.. .. 2 2.0.20. ues 
Horticultural laboratory, built 1888.............. 
Entomological laboratory, built 1889, imp. 1897... 
Botanical laboratory, built 1892, imp. 1909........ 
Armory;built, 1885-034 isnt ee eee eee 
Greenhouse and stable, built 1873, 1879, rebuilt 1892 

PA 8 hel Lo!) AR a A er RRA Mi Lente ost, sar Shs 
Boiler house and chimney, built 1893-4........... 
President’s and two frame dwellings, built 1874.... 
Six brick dwellings, built 1857, 1879 and 1884..... 
One frame house; built, 1885.2. 50...ee eae ee 
Howard Terrace dwelling, built 1888............. 
Farm house dwelling, built 1869................. 
Herdsman’s dwelling, built 1867. ................ 
Horticultural barn and shed, built 1868, 1875 and 

MST Ra res. acne Sc Fors ool ens ome een ee ER eS 
Bull barn: rebuiltM905 4 veto eee ee Gee 
Sheep barn rebuilt 1906: Go-ee ee eee eos: 
Horse barn souihel G06. spa. nee tea te aro eee 
Grade ‘herd barn; rebuilt A905 sce oot hae oe 
Pigcery; rebuiliielO0 peer: at accchacree re nek cane 
‘Dairy barn, rebuali: 1900... ony ratte es ete ee 
Farm mechanics building, built 1881............. 
Poultryshouse, built T9008 S.:/SS ae ae See oe 
Incubatorshouse; bullt 19062 on ie et eee 
Poultryzhouse; built 190s see aoe aoe ees eae 
Three poultry houses, built 1907-22-25. 2-2... 
Ten brooder houses, built 1908.................. 
Corn barn, built 1873. a epee, fre sez. ie 
Stock judsing barn, built SOs esc eene erne 
Brick work shop. oUllGelisavmee eerie. i eer 
Observatory, built ISS05.¢ © > ee eeupecann so eet saree 
Bath house and fittings, built 1902-3............. 
Hospital, built 8944 er, ercc ee oe en ees. 
Waiting room and book store, built 1902........:. 
(Dhree ‘silos foe oreo Se oe aos 
Coal shed; ‘built 1899." o.i.) Se saetee eet 
Women’s ‘building (bmilt A909. s,-7eceeees c. 
Dairy. building builtsl900 2 ie ae 
Bacteriological building, built 1902............... 
Power. house, built 1904 ¢ s5i os, ee ee in 
Punnelsystem\ built 90423 eo ee 
Coal shed, buili 1905. oc -.25 32a ee eee eee 
Cold’ storage, rebuilt 1905-752), Siu ca Pl ee Cees 


Aniount Carried tornwards st. eee ee 


$22,000 00 
12,000 00 
55,000 00 
30,000 00 
15,000 00 


35,000 00 
5,000 00 
7,000 00 
7,500 00 

20,000 00 


6,000 00 


6,000 00 
3,000 00 
12,000 00 
18,000 00 
3,500 00 
13,000 00 
2,000 00 

400 00 


1,200 00 
1,500 00 
2,500 00 
5,000 00 
4,000 00 
1,500 00 
4,000 00 
1,500 00 
1,000 00 
500 00 
1,500 00 
300 00 
250 00 
400 00 
200 00 
500 00 
100 00 
17,000 00 
3,000 00 
1,700 00 
600 00 
700 00 
91,000 00 
15,000 00 
27,000 00 
25,000 00 
45,000 00 
6,500 00 
2,000 00 


$532,850 00 


$110,377 50 
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Ainount brought forward .: . 45 [.w.4..2%4 sss ss 
Buildings—Continued. 

Iron bridge over Cedar river, built 1888.......... 
Bedge to athletic held s. 0.4 te GA ce 2 be 


Manure shed. 


Four hospital cottages, built 1909................ 
Agricultural building, built 1909................. 
Tumber shed, built.1911............ leg Ne. BN He 


Tile silo No. 1 


Piggery for serum production.................... 
Two tenant dwellings, built 1912................. 
New dairy building, built 1913.................. 


Tile silo No. 2 
Tile silo No. 3 


Veterinary laboratory, 1914... .......2....000... 
mpeeial: chemical laboratory... .. 55.2 5.205.600... 


Division of Agriculture— 


Department of Agricultural Education 


Department of Animal Husbandry— 
p- Olicefurniture and supplies... 2... 0. cee nes 


' 


Office library . 
Stockzd «<i. 
Hecate. 3: 


bean 
Department of Dairy Husbandry— 
O . 


SEE ete REN Dae eG OE nck co dors coe Ab iors Sigh whe 
Chemicals and laboratory supplies 
MERRIE AUT aoe Ae PS nk ak havc b ates wits vont came 


Office of the Dean of Agriculture— 


Department of Farm Crops 


Furniture and 


BPIER ae re eres. Sole ve oa 


AO aee PaO TUEMINUEO § =) 2702-5 se) SS hee ee 


Department of Farm and Horses— 


Tool barn.... 


Pee UY CORI 3S et oie Sr ae en eee 


Horses ee ee 


Office See 


Si 
Forge shop... 
Wood shop... 


eel Achiner(-lADOEALOry': fo ¢ .0ss 3 Fi Se ok ke eee 


Department of Forestry— 

Office furniture and supplies... ..::..5..:....... 
Laboratory and class room equipment......... Fert 
Bomaand patphileter 3655. ys. Soiree eae ao 


Instruments. . 


Roos ang pippiiede 24°. i ey wo ee eee 
Canny eqMapMen ty to 503. 8 Seen ae 
Photography ‘equipment, ...... 2: ......0- en secaes 


Nursery stock 


Amount carried forward 


ae SY Or Obs a anen et Sanya, ahexd 6,55) oe A dad oe Milm sc meine ca im “Sy 


$532,850 00 


1,500 00 
500 00 
600 00 

6,000 00 

182,000 00 
650 00 
500 00 

1,000 00 

2,400 00 

55,000 00 
600 00 


$867 02 
1,788° 12 
1,381 65 
1,372 98 


$704 75 
3,885 65 
700 00 
752 05 
600 25 
528 00 
. 202 82 
6,154 00 
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$110,377 50 


818,000 00 
767 31 


18,018 23 


23,420 92 


2,160 51 
2,382 85 


18,869 21 


5,409 77 


13,527 52 


$1,012,933 82 
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Amount; brought forward.s- os. ac one 30s os 4 Te es eee 
Department of Horticulture— 
OPC sie ac ssw hs RR oe On Ue ere $2,007 33 
Teams -and:harhess*on <= -6h sas eee ak oie awe 1,288 50 
Class rooms pet akwr a oe oe eee oac ete 457 00 
Laboratory equipment MAGMA Dobie Ss CRS 662 93 
TOOLS S25 He Ge he Se ee R900 ee 272 35 
Greenhouse planitsite:f.0 Siu eR cae oh 898 00 
Greenhouse“toolky atc. 5. cs nee carne? tie 337 60 
Department of Poultry Husbandry— 
Office furniture: peas (eee ak ee ene enc $227 35 
SUpDHES /s .-+. ais epee eee eet wet Brees Fee ae 36 47 
Books’ 2 ':\- GeN eran coatieae ceny,. eens Peers © Rate es 102 63 
Toolsand supplies Sih c. ot... FES sane Biches Scans 439 61 
Miscellancousie tee tock 6. en ce te 4,301 82 
Lav etStOe ee eR ee oe cc Soe cee Da eee 2,035 30 
Bice Oye t ee ce . o At eee inane eee erat 142 71 
Department of Soils— 
Apparatus and! supplies: 2 )>..0ce.. sa5 nee oe $6,839 17 
HQGIMIGIT Ca 7 be Sie een aes nick om nema oa 570. 79 
(OHEMNICAIS eso ee lee aloe ead eee I eR 241 24 
BiGeNSiOR cae ga scechs ars, Sos cts oe er ee eee 11 40 


Division of Engineering— 


Department of Civil Engineering— 


Astronomical equipmients2:9 5. sti 2 a ce ore $772 60 
Blue printing, drawing and photography.......... 423 21 
Drafting and computing equipment.............. 111 94 
Furniture.and ‘ofice supplies: \... 02 i Soe nd en oe ee 110 92 
Pydramlic-laporavoryirs*& vn. os 6 oa 215 65 
Lalo GEN ec ae ulcrcre ten tach EueeeeeRn ck ce RM NEE tera oee 9 80 
DUEVevEnD: COUIPMIeMt <nas| slotecaal ie cee veh nsee Svar 5,333 98 
ol Novo) Kojies Soerte Re sya ents <b MG Met ri, CONC eIRE Ce care aaa 50 40 
Department of Drawing and Design— 
Hig uilpinientys< qeteie. ae ae eee ee ee $231 51 
L100) 4: emer net ne are ee a merges ee tin Aye ore 10 83 
Supplies t< 2. vere ree eae aE or hee Pk PAV 
Tools eR Se eee ns chat eto ee et tes 15 40 
Department of Mechanical Engineering— 

PETG Stee tect tes ae ae a het ie crap SUS Ee ro $642 38 
Mechanical engineering laboratory............... 1,002 jon 
Houridirystite ccee pence cee tekar rei aoe ene 2,613 41 
Horee Show. sb srchseietda ee eaters See Lene 2,219 O07 
Patternyshop ie ye eeisek ccm cies ee meee: 895 49 
Machine shop vk ao choke nen pen ees ares 10,072 14 

Department of Physics and Electrical Engineering— 

(2,0 <: EE eee ke ean Me a ei PWR RRMA RT PS.) Oy $5 95 
Furniture and office AES in zisrec ahs wie oe CRIES 538 30 
Sti iol clic ne ions meee Sree Se betes. 118 00 
VAN) 0) O12) 021010 Matt iter ene iM Pe RE Cen taeist Pad Guia c 10,783 OL 


Amount carried forward 


©, be #118! 0) 01.2 hes] > Loblepie) ol 6 =) si,0) 6,8 oyu’ auisna) (0,6, .¢ ue > map Keueine gale 


$1,012,933 82 


5,873 71 


7,285 89 


7,662 60 


7,028 50 


278 94 


23,975 06 


11,445 26 


$1,076,483 78 
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PRION HAL OURO GAOL WAL: eas ca', 2 cid tee sia S tc slots Bae « A oR ws Syed ealtons $1,076,483 78 
Division of Extension— 
PAACOU ES THATS] Hn H 105 10 0 ge a oe Col En ee $811 88 
Upper Peninsula,27..30:... See TN ane: MER LA Ta 23 
OR a NG ris ne LUDS. ao. sts Sots de ve bes 368 15 
LSP ENSUE O(a aE gies a a i a ae NS a rd 186 40 
Meee DestN et eas Bingen at tes oer Awaba 45 00. 
BPs CGO terre os cts iar oped Saaslie Eh os teas vie Ge 1 25 
PE SPEDE EER) Steed pes ctcca ie e hes aed es) ee cee oe 40 50 
EKOTME SE COMOMMICSM pas ve neh ostirs sean eller Sis. ease 168 05 
County agents and farm management demonstra- 
{EET Sa SSS oh et eres a a 700 O1 
fn UCTS 5s Ss a ea 8 OP ne ae ke ak OE 78 87 
Pepnibtcrs: sUnst(uubees <5 0 aula ctos oo Clot tare iats 549 90 
——————— oelod 2A: 
Division of Home Economics— 
LD STRESS TCS ae Soe ee en re a ed a $374 92 
Drawing room........ RSL chee Mae eco a tee 457 00 
PROC OMLIOM TOOT os 6c fa ee ee ma eco es 232 00 
Piccinentiare too. Sc.) cbc eR cen. A ee 245 75 
PecOnGcHOGE COMIMOL. ....7... % se Roos Se nea 22 00 
1h CGE, SS the ae On ee oe ERT OR 2 
Diets CORMAOI rie hte. Fate ets tales Oh alataee 129 85 
LP LPS EN SES Tay (0) OAD a ga ee a eR 138 15 
LSTSCIATE GT AR Pee gee ae An eg le Ene a ee A» 88 68 
IE REOUNO CE 8 Peo aS TY foo os. by oh Se ah ae ec 89 00 
ee SEICTICE HY Ts. 2:4 cast ee ciceoes eee 2,159 09 
Rene gAT it neck ete oe eee ns inne 1,802 80 
RRL MEN PRL alate Pac. 22 ten cers ang A Stan SU Chose 3,452 80 
ECA COMME plist crete s,s ,toes ins ag ole oa ee 920 97 
MOMMA Oy TP ONGUEC wi. 2 5... Baoreey eee tanctivrsle Sevres 1,304 70 
EMME RL ELE NOG Mitte, ce scats 8 ik gh oak. Sew wi cha tee vse eh 1,062 83 
ollete COMAR EC Pre ee a as al hese a 546 86 
Day students waiting rooms and corridor......... 55 00 
LAUT OTOCY 70.07 ae Ran Pane AeA ae nn a 41 45 
baton elosetby, hs Bo TMs a SRO nok og aus tee ee 175) SR 
SSDOREOLOOL shake a uy Nek oot er ee OS. 78 02 
LUD S1ifo Lig ima ae 138 cee ee i Aare ae a 48 00 
————— 15,116 45 


Division of Science and Letters— 
Department of Bacteriology— 


LPR RT URE Satan pe ea eae aN ee Oe aaa RD Sr $383 92 
mpParais arid SUP Plies: % srk: so-so se ce ee 14,980 17 
Ofiee- fixtures and sipplies: ©. ste. e6s-<siaed ceeds 968 14 
LITETENTECET TGA LR U2, OES Se ae ea Se ER ave Set US aera 2,218 90 
—_-. 18,551 13 
Department of Botany— 
Books ane Neriogieais=., =a hte oh eee $1,919 13 
LUT 2 CAS yeaa Nh SMR ee I aoa pa eS aE 1,954 75 
Miscellaneous'supplies) < yes ete pubs ok ees. 349 00 
a DOratory SUP PIeR ss hors. utes ays BA 1252517 
amnion lt Shay Set ony eiwrien Tee yuk een sp 5 en aN 231 59 
EN PSERE LIS.) SOC 5 Presi ies aed BD ys SN 5,796 10 
ATR AE Ec teebter e t eks R AY  n eRe hee e a, 2 ADL 45 
<LUT3] No acetal nadine ie eee SRN tar. didn emma oes 65 72 
PR CtariittlenrsMocen ee dai acts «RAM ees Ae oe eee 8,022 35 


~ 21,701 96 
AROMATIC KOPWATIA. a: + ka FRR RAS A AAs Ce D AS Oi oboe e. $1,134,980 56 
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Amount brought forward*’) 232.<.44 s:se a ee eho et ee $1,134,980 56 
Department of Chemistry— 
HurmMiture and toxvdrest an one yeer eee ee $7,221 75 
Laboratory supplies, 4 3c a oe ee Se 22,694 09 
Chemiicalsc. 227 Soo seo soe eae ee UE ee ee 2,126 50 
Minerals ng shes ous os oP Sie eon Soe OEE en oe: 335 84 
AT DAPACIS Se rons cs Wocuaee ae ok ee ES 6 14,856 95 
Platinum o.s 5 ce darcceheh at EM ee 5,552 28 
POOM ree rc, ce are Ae ee eh te I a Sh 5) Ue 
Miscellaneous: .)00 3)... <2: Sancnee eee eee oe 475 63 
————— 53,338 17 
Department of English— 
Bar nsGUre 5 Sear eee ee epee ate en te es $514 75 
Books and: office supplies: co os 5 enon = aco elle 675 25 
Wiscellameoticige ames to. >.. LS te etka ehh cs. eee 128 73 
————————— 1,318 73 
Department of Entomology— ; 
Office Equipment and Collection................. $5,301 25 
PATOEAIVE hoc OR Giese he oe bse acl Ne eee ee Le 211 24 
Apparatus -anditoolst sary waa eee ee ee 2,040 72 
BOOKS ro 12 hee cese te cosrnys Cite cosas cies Ainee ee ene PAS 7 
DUPPHES 3 sycts, mocegtyee oat etek ieee re ene ee 265 18 
(MASS Wakes aoa) pat op tos oo cee eee eR 176 60 
Ghermicals <5 eke wee era kane ein a eee 58 71 
Sumy: 72 BS oneer hen mite: oe rao geen a 30 99 
———— 8,336 40 
Department of History and Economics— 
MCODOMIES PIER ween 1.8 Soe oe chase ne late eee $206 50 
Political seiencetand! history.” cot.n1.0% 2: sane es 280 25 
486 75 
Department: of Mathematics». cies csc... - cehees na at oeens SRE 649 70 
Department of Military Science and Tactics— 
InUinAIRAE NING Meo} Vitesse soos cies ue aes be bboeeuaou: $1,986 90 
Bandi. properties..: cic pages ich. oath ke ee ee 3,108 50 
————————_—_—— 5,095 40 
Department of Physical Culture and Athletics....................6.. 262 45 
Department of Zoology and Physiology— 
Noy one Is; Chovol [sho ons oadocusnuoocenoddaue $10,528 45 
Generalimiseuimic’, 7 2 eee a see ee ee ss 19,970 00 
BROOUS 2 Boe ce Al veip 6.53 ee i Rs a EE 632 50 
— 31,184 95 
Division of Veterinary Medicine— 
Generalequipment:.:... .. «isd. 2 seen aa eae $915 18 
Department of medicine. ... 25 0/.\..fisds eet pass el 240 57 
DUFFEL yA AOC OWSUCLULGS: mart = see ee erty pene nae 3,875. 73 
Department of anatomy.) =. an Joho ben cee 10,419 16 
Department of animal pathology................ 7,363 95 
Department of pharmacology.................... 1,735 12 
~ 5 24,549 71 
Miscellaneous— 
Carpenter shop: ......1.:. RUE a's 3 Rate staan hate nee CR eee ee 3,444 48 
Cleaning y..:2 2s ce is eo ee HEED DR ne oe 417 50 
Deaii of: Summer Session. o5- s2 oa a. no Oe cae ee eee 129 50 


Amount Carried forward <7 22 u4. 56 ten ets ante eg ee ee $1,264,194 30 
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SSETANTED S Cigi 0s 107 Gags 20 ee ae er eS ne So re $1,264,194 30 
Hospitals— 
reneralsHosprtalss fo 50s, ccc Ws excise Soa). oe tte oe $319 17 
COuAeEHOSPILAIS Pe et Ph eae wie be the ia x 929 88 
SSS 1,249 05 
RSPR GN Ree iag CS wives 5,2 aa OE tae AS le poled a WS Ss tees Og eh es 74,245 71 
Meteorolurical department ...6 2. et nF e.cls  + Sere clemales aioe eee es 355 95 
rechitpetrr WV eal bet Der vite nie noe. cs che ios Si ats ne een vee fee ee 979 00 
Department of Nursery and Orchard Inspection.................. 209 25 
Petiath BOP a. ties, ue as ee ee > henge 2 Sevens seeders aise 1,543 84 
ROS GOLECE Oat ee oe Pir Ch ON Re Say cir cence eetts Momus edie macys eer cee 1,133 45 
TESTCEN GTS CO MICE coerce sor aes Tarte See poe HCFCS, Site les) cueat Eeseate 857 63 
Registrar’s Department— 
BeCIGLL AL 6 ORIG Se iia ha iat eros she ele heciatals a mies $359 31 
PaIeIT COE reno See Ne icine, Se ee eager ae wat 190 22 
549 53 
Secretary’s office— 
HULME vanG equipment soc. . - cies se qsees oer. $1,431 41 
Supplies. .....-. Fe eer atesta teehee bes eve ot. amd mee 865 20 
2,296 61 
PUITMRATVEONG teach With IN Sind whe Sante ahaa Seg Mae eer Sede tons Gee ae pee 3,315 32 
"AGUS ©] i [SES a Ree od eee ae a sy TE MRS yen 2,476 26 
Department of Water, Heat and Light— 
Goreme CHP AN GMMRETN Per oor cans os oeoeo aici Tadcsage Wee RE $2,592 55 
GUSTAVE gaH Eye] EL TL ee Beet R ae Se eee Le sient cache mae 6,029 00 
CV ETOg Tie & Secs ty Sp ea ee RR Oe a i a 1,756 29 
Miscellanecous-suppies! sar 6 esate ocd riots fee 442 82 
Phambing and heating ‘stock... 5.7: ..c¢5..0.- 2,042 34 
Melephnone: SiO Ghee s.5 che. Nare Pai earn renee acres 2,007 73 
BLeamales tinge plant ecto y cit. eed age ob cde eee 14,235 30 
BileeonicalipmibistOGke ate feta.ct col tect eaten are tein 1,648 94 
Ee eee OO Sears anche. otha, Pores ieices hee Rome ate as 73 31 
Ginee furniture and fixtures. - 0) 26. 3 eae oe De 107 54 
imme NOUSE So ate o.s ter teckel eee eae tee eek SY, 142 20 
WWatenworkstplamntoicis eetes cei cee coh crea Fes 14,463 00 
SS SSS 45,536 02 


APES. Syed Se ye a ee ets eis See : A ease tn toe dee $1,398,941 92 
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SUMMARY OF EXPERIMENT STATION 


Lands— 
160 ‘acres at Chatham. 7.5 ate ee eee ee ee 
140 acres at Chatham, seeded and fenced......... 
480 acres at Chatham, raw and cut over lands..... 
80 acres at Grayling, fenced and improved........ 
5 acres at South Haven, fenced and improved..... 


Buildings— 
Harm residence: dtenaunam 7s oe ee ee ee 
Menantinouserau wehatharm. 2s. \.0. el chee 
Bare vet MeMUU MATL 2 eyeeal 2 uke bot Siete eet en ee 
RootcellarataChathamne~.\scee ee ae eer 
Hoeshouserath hatha pnceraee cei an ee nee 
licethouse ati Chatham ieee sae oon eee 


GrananyvatiC hatha i creer ee vee ere eee 
Sheep ihamneat, Chatham, 7.7 ee ee meena eens 
Pig reryach Chatham. ..snon creat meee ae Boris: 
Bacteriological stables. i... Aue ee eee ee 
TLQUSG yc SONS ee top aea e eee ees se ee oe 
Station-terrace building -: 22.4... 30s as. dca. ae 
DSU ALOOM SLA Ae ots GN a oa abel e etek Witz ratte 
Slat ghitershouse tien. se oka ere 
Storacesbarne tor ire nt le aa ee eee 
INSCCHAIRV AL Tice scrge DAs ee reR Tae ERR eo 
NOU OURS ce tee Goats os ete reo wince Lon haan th ee ee ee: 


Division of Experiment Station— 

Division of Bacteriology— 
PaeraLulcencteats Aen: Seis oe eS ene eae 
A PALAGUS).. cree See een Seren ooh ee See 
Office fixtures’ and supplies: 2.2.60 eee caer Oe 
Chemically. hee rece tee et ee eee 


Division of Botany— 
Chemicals a sick.ts coker en es 
Glassware = o25 < oe caeanten ast nee iets ath aoe ee See 
Scientiicapparatisecewere seers | osetia eerie 
Laboratory, Suppicss creer. <., x.0s ches cs eee 
BOOKS: 1A site eas acs Re Sn te Re RR Ma 


Division of Chemistry— 
Ghemicals 3. Ses AAP remeat tartans 4-c5ceteeee 
GIsss ware sie... he SO eer oe eee 


Miscellaneous...-...... ee oe ada oe Oe OR aE aay: 
Officeturnituretand supplies. 2... scree ye ere eee 


IDITECLOTSOMICE ees sae het ie enn ee ae 


Amounticarriedstorward i. cone eine ce cence eee 


INVENTORY. 


$8,000 00 
4,200 00 
4,800 00 
1,000 00 
1,000 00 


$5,000 00 
1,500 00 
3,000 00 
1,000 00 

750 00 
500 00 
250 00 
250 00 
200 00 
1,200 00 
500 00 
3,700 00 
1,000 00 
3,000 00 
500 00 
625 00 
600 00 
1,000 00 
1,000 00 


$650 80 
11,394 68 
235 41 
690 48 


$592 23 
1,048 87 
3,629 35 

401 09 
130 78 
1-371 28 


CT wR CIRC Cl CBR 


CC ee 


$19,000 00 


25,575 00 


12,971 37 


7,173 60 
2,538 32 


10,809 56 
543 03 


$78,610 88 
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PINGUN COME MN LOLMAL CS Gok £5 i.e ioneca cans o's» Slcbe Aha Atte eae ove estes ws 
Division of Entomology— 
"CUCTIC ol DRG pa ae ORR cal ame Rh MIS Ri Betas Ba ee Sie ea $882 49 
UETILETING eters eee cows heen oe Sees a en eee 568 31 
JeN}0) 3 192] I Rte Rea RR ho a ee 2,029 68 
EGER OS cate RRS Teh Gamat es GAY rexseitaya, Sue aaa 1,258 19 
Reel CRIS ia ree a ean iets a et POR Lek Simtel 329 05 
CHAT SIELE Tats pa meee EN eet n OC RG | Uae ae 205 50 
Ciremical supplies 4) For fe acy etek cg ctd.citg. si o's Diets 29 O01 
Sonne ec: Dine Seats tee hep cs aregchte hoes 47 00 
SSIS RSS Romp ante Sire Cee A Se Preeti ae eee any at a 17 82 
BRCUSIS AMIGO THACHIMGI Ses eae eat hae wed eee 8b, 100 56 
BIN CLIN ots ocr baton Cee ticts CRI eaten SAE 106 06 
Porro harm LOS soc moet ae rove bas Stewie Bie eater om ae whe 
Division of Horticulture— 
Ram yess ss ta ges ite haga Mel acne we Sa a nated $409 75 
MOO Seren ito aie ete esas a ET ek cone sa ya an che acer 1,658 55 
(LE SS a ae ara as aes eS ne ie We Aer ee er 
Division of Soils— 
AMParTe Ang SUPPLIES: . <....a. 8 <4 +¢ Aageule © aoe toe $1,944 13 
(CHG SgT ON IES Ga Oe Eats be Ee eS a SP RAM Gk See ar 10 34 
South: Haven: Experiment StatiGn: . 24.0) uti. ssc Tae oe See Dea cee 
Upper Peninsula Experiment Station— 
Moolsandvsupplies 4 Skt aes wee ahem ae Meme $1,941 87 
Gaertner: 287s Phat ts a Pe os es eae 2 8,271 50 
HO} OST alee ees eave Ieper een areca ae er eu es as 928 00 
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$78,610 88 


5,573 67 
2,475 90 


2,068 30 
8,165 85 


1,954 47 
290 84 


11,141 37 


$110,279 28 


Mot pe 
eth Sioned 


At 


REPORT OF THE PRESIDENT. 


To the State Board of Agriculture: 


Gentlemen—F or the third time in the sixty years since M. A. C. was 
founded, our College has been obliged to harmonize as best it could the 
demands of the class room and laboratory with the call to the patriotic 
citizen for service to the government. 

The work of the fall and winter term was carried to successful com- 
pletion without hinderance but the opening of the spring term occurred 
simultaneously with the declaration of war by President Wilson; it was 
natural, therefore, that the student body on assembling did so under a 
great deal of excitement. A mass meeting called of the entire student 
body and faculty considered what was the duty of M. A. C. under war 
conditions and it was soon decided that Military Drill should be increased 
in amount; that students who desired to enlist for the Officers’ Training 
Camps who belonged to the senior class should be granted their diplomas 
and that members of the junior class entering the training camp 
should also be given credit for the spring term’s work. Also that those 
juniors and seniors who were needed at home for farm service should 
be excused and credited for work under the same conditions as though 
they had entered military training. The following list gives the names 
of juniors and seniors who left College to enter military officers 
training: 


Senior Ags. 
Clayton F. Barnett Leonard Verschoor 
Abraham H. Bayer Paul J. Vevia 
Fred England Walter R. Wright 
Harold D. Hardy Arthur Turner 
Edw. W. Pinckney L. Leavitt 
Howard G. Smith G. G. Dicker 


Senior Engrs. 


Herbert C. Bartlett ; George J. Henshaw 
Kenneth C. Beake Frank W. Marx 
Harry Lee Campbell Daniel Leo Mead 
W. Harold Cornelius James B. Rasbach 
H. N. Fox F. Ward Stafford 
Ralph B. Henning Wm. D. Thompson 


Junior Ags. 


L. V. Benjamin Stanley W. Mackenzie 
Edwin R. Clark George G. Maxfield 
William A. Corson Wilfred D. Mills 

Earl J. Finch Wayne A. L. Quigley 
Clarence H. Hiller _ Robert 8. Raven . 

Warren J. Hoyt Harry K. Wrench 

Earl R. VanLeeuwan George 8S. Clark (Aviation) 


G. L. Lawton 
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Junior Engrs. 


Roy Merchant Heasley Carl F. Miller 
Maurice G. Jewett _., Thomas J. Nicol 
Leland N. Jones A Burton F. Orcutt 
Charles L. Margeson Ernest A. Rudelius 
Forrest G. Millard B. Bellinger 


Senior Foresters 


H. A. Clemetsen B. M. McClure 
Sheldon B. Lee 


Junior Vets. 
C. U. Fisher Harry Weckler 
Clifford Heustis 


Excused for Agricultural Work. 


Stanley J. Culver Alfred T. Halsted 
Frank B. Harris Paul Jamieson 
Arne G. Kettunen Jno. C. Kelham 
Howard V. Kittle Dwight Long 
Henry N. Putnam Clare I’, Rossman 
Howard C. Rather Glen O. Stewart 
Frank T. Warner Wm. F. Vanbuskirk 


Mead Burton 
STATE CONSTABULARY. 


The creation by act of legislature of an emergency fund of five million 
dollars for protective purposes during the war led to the enlistment of 
a State Constabulary. The Board of Agriculture on application from 
the State Government May 8th, 1917, granted to the “War Board” the 
use of 96 acres of the newly acquired Woodbury farm lying west of 
Harrison avenue on the south side of the river. This camp site is now 
occupied by two hundred members of that organization including two 
hundred horses and complete military equipment. 


DEPARTMENT CHANGES. 


Beginning September ist, 1916, the Board authorized the establish- 
ment of a separate department of Physics, placing Associate Professor 
C. W. Chapman in charge and creating a department of Electrical En- 
gineering in the Engineering division retaining Professor A. R. Sawyer 
as head of the department. 

A division was also made of the work of the department of History 
and Economics. Dr. W. O. Hedrick retaining his former position as 
head of the department of Economics and Professor E. H. Ryder being 
made head of the department of History and Political Science. 


Following the resignation of Professor J. F. Macklin, Director of 
Athletics, Mr. Frank Sommer of the University of Pennsylvania was 
secured temporarily for the fall term of 1916 and acted as Foot-ball 
Coach. 
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Professor Chester L. Brewer was invited to return to us after a seven 
years absence at Missouri University being elected Director of Physical 
Training February 22,1917. Mr. Brewer and the new gymnasium (when 

completed) assures the best in physical development. for our students. 

- Lieutenant Max 8S. Murray was detailed by the War Department Sep- 
tember 15th, 1916, as Assistant Professor of Military Science. Both 
Lieutenant Murray and Captain Ira Longanecker, Commandant, were 
withdrawn from detail with this College, June 1, 1917. The services 
of the above named officers together with the energy and enthusiasm of 
Sergeant Patrick J. Cross (permanently assigned) have inspired our 
students in their work in Military Science. 


RESIGNATIONS. 


Associate Professor Wm. L. Lodge, (Vhysics), September 1, 1916. 

Assistant Professor Milton Simpson, (English), September 1, 1916. 

Assistant Professor J. S. McDaniel, (Veterinary), January 1, 1917. 

Professor V. M. Shoesmith, ("arm Crops), April 1, 1917. 

Mr. C. S. Langdon, M. A. C. Association Secretary and Editor of the 
Record since the fall of 1914, resigned June 1st, to go to the farm. In 
addition to the very effective service rendered in the above lines of work, 
he was largely instrumental in enlisting the interest of the Alumni and 
old students in establishing a prize fund for the encouragement of 
interest in public speaking. The fund so far contributed amounts to 
about $500.00. 


LEAVES OF ABSENCE. 
[Granted for year of study at other institutions. | 


Assistant Professor L. C. Emmons, (Mathematics), Harvard. 
Research Chemist Chas. S. Robinson, (Experiment Station Chemist), 
at University of Michigan. 


Fe Coha 


America’s entrance into the war was foreshadowed by the high cost 
of food materials which seemed to threaten seriously the attendance of 
our students during the current year, but thanks to the efficiency of our 
Student Boarding Club Association (organized in 1882) the cost to the 
individual student was held down to a reasonable figure as shown by 
the following exhibit: 


Men’s Clubs 


Sub Persons Fall Winter Spring Average 
A 85 $3.12 $2.80 $3.20 $3.04 
B 75 3.11 3.17 3.58 3.28 
D 225 2555 3.00 3.15 2.96 
E 75 3.30 3.45 4.10 3.61 
G 70 3.10 3.25 3.82 3.99 


General average........$3.26 
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Women’s Clubs 


Club Persons Fall Winter Spring Average 
C 250 $2.80 $2.85 $3.45 $3.03 
K 50 2.70 2.80 2.78 2.76 
H 25 3.15 3.49 3.98 | (3.54 

General average ........ $3.11 


THE PRUDDEN HIGHWAY. 


One of the most important improvements of the year was the com- 
pletion of one and seven-eighths miles of concrete highway reaching from 
Harrison avenue (the W hite Elephant corner) to the eastern limits of 
the City of Lansing where the brick pavement at present ends, at an ex- 
pense of $25,000. This enterprise was fostered and largely financed by 
W. K. Prudden of the Class of ’78. The work was begun in August, 1916 
and completed November 50th. 

The influence which such a highway has and will have in the future 
upon the growth and dey relopment of the © sollege cannot be overestimated. 
The M. a ©. community will not soon forget what it owes to Mr. 
Prudden’s successful efforts. 


STUDENT LOAN FUND. 


r 


The fund for rendering emergency relief to young men has helped 
forty-five of our students to remain in college who might otherwise have 
been obliged to give up their studies. The fund itself is small compared 
to the good it accomplishes. 

Provided for by funds derived from the blanket tax of two dollars 
per term paid by each student for the support of athletics and entertain- 
ments our students attended the following course: 


Oct. 24. The Mawson Motion Pictures with lecture concern- 
ing the Shackleton investigations of the Antarctic 
regions. 

Jan. 23. Professor Alfred Noyes, Cambridge University of 
England, Visiting Professor of English at Princeton 
University. 

Feb. 6. Frederick Palmer, European War Correspondent. 

Mar "6: Professor A. M. Wenley, University of Michigan. 

Apr: 15. Concert by College Glee Club. 

May. 16. Concert by Minneapolis Symphony Orchestra. 


STUDENT LITERARY SOCIETIES. 


Two additional Literary Societies were organized during the fall term 
to meet the needs of our increased growth in numbers. The Orphic for 
men and the Letonian for women. 

For several years past there has been much interest developed in the 
scholarship records maintained by the membership in the various so- 
cieties. The following table compiled from the official records of the 
College Registrar gives the relative position of each of the twenty-three 
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societies (obtained by averaging the standings of individual student 


members) : 


Men 

1917 
MOPGO TUTE ov'an cyt Dv) acco one PA Desh cpa ch Poh ainda to 2 eS A 
ANGER See. 5 hes evar ease TEE aloe ele 5 Ae Sere ee a 1.9909 
15 Veil Te Reet Penis Whey te ena st oc ee SAR ae Nahe Sate 1.9781 
PE UREN oh 5 on suche aectahah seen oe! 5 = <a) ok pe tanerat «4 Fase) a sh ckemeanes diane 1.8123 
PNGTENSTET also. ora me hits Lee edceg Whol Gieonie wap tate Oe Seed 1.7844 
RUG tor eas | WIS ola ors oe ee ee Oh ae eae 1.649 
IEEE [OCR TAIIS aes rats ale a ote rete crayon ene eck a NiAe bea eso 1.643 
NES ABN E ARTI vee Veneers re FaaN aha d oro ohne ask Cohnteee Wear bat arate ee is at es 1.6255 
MOPTUTANVA- Ailes 9-8 ha aPevcce oraie sere ces wea vane ta ikatc el RoR ees 1.6252 
PS DUTTICSUN 2 ii AS ee att 2s 00 oot Ae Cetin Soa AOR 1.542 
EPC AER TS Aa eae oe Sines ok he Ee POE eR Sa Oe ES 1.5339 
ATT ores St stg is eke ace aaare ot one MOU REE SV arate Mane iL daot 
ECL bases. AS Sees ee eee og Ne tt, Be mee ae 1.5306 
ULL ALLLTIOI) CM Se Ge or a econ as Pia Dp ae Beg te os her ae 1.4602 
| OC1 EB Pr GA ag Nee a Re Rn RRR eee yan Dera ba LS 1.446 
PM CTE ACUI 2-6 io. Po pacor ee SASS 6 ue hee ceed RI inate Ree 1.445 
ENMETADEC AIRS oxece, 2 care gee oy Paiste aad sate Slee Ae ae ee aa 1.4202 

Women 

1917 
erebr chs vege tec ctee hoe. Ste, ie bat 2 om ier ear ha habe: SEE. 
ieee NIN och ence tek nt Chee bn ie Ee 
TCS EL Sc Us Use TEA SS ta ga ei RE Se A Wee ee PES OL 
SLOT Ting Seah BEE 2 Pel eal Se a lar cai ern a Re Se ei ge 1.9906 
ol SCP TT Sood me dle ANS Spr a an iA RR PE eae 1.906 
ROPER NCA oo fo te Ae PE Te oles ERC ek eae 1.881 


(The figures indicate exact relative standing of the memberships). 


GEORGE E. LAWSON MEMORIAL. 


Student at M. A. C. 1889-1891. Died February 15, 1916. 


John W. Beaumont of the State Board, on October 10, 1916, as a 
memorial to his fellow classmate and life long friend, George E. Lawson 
of Detroit, transferred to the College an investment bond of $500.00, 
interest from which is to be annually awarded “for the best essay in 


English produced by a male student.” 


COMMENCEMENT. 


The Baccalaureate sermon on May 27th was delivered by Bishop 


Theodore S. Henderson of Detroit. Text, “He Took a Towel.” 


Commencement address, June 1, by Dr. Samuel M. Crothers of Cam- 


bridge, Mass.: “The Place c" the Expert in a Democracy.” 
\F/ . 


50 STATE BOARD OF AGRICULTURE. 


TABLE OF NUMBER OF GRADUATES BY DIVISIONS. 


Degree of (B.S. an) Asricultures.. ass ae ate ee 126 
Degree of (B.S. in’ Engineering Ge. 22 ola coats eee 63 
Degree of B.S. in. Home Heongmics’ 2:57.49 see eee 52 
Degree of B.:8. in CF Oresiry .a0 us. s.. ase x ee eee 10 
Degree'of D. V. Min Velerinanay.. ccs. «seus ee eee 6 
Advanced degrees obtained by study in residence at 
Ms AGS ok re ecto po RE Goa e Glee > he aan ee 10 


Professional degrees earned by proficiency in chosen line 
of work. 


Degree of. M cA pri gk siege teceuces ie anit cut eee u 
Desrée of: M., Esesgeteg eg cas ach tess histo al eras Dae 1 
Devreesof Hori 2 385 st. Sai eeees s)he aie eee 4 
Degree OR Mots tet. Set... Sys Ms ie tx niet le eke J 


HONORARY DEGREES. 


Ray Stannard Baker, ’89, LL. D., Amherst, Mass. 

Charles William Garfield, ’70, LL. D., Grand Rapids, Mich. 
Kdgar Albert Burnett, ’87, D. Se., Lincoln, Neb. 

Arthur Burton Cordley, ’88, D. Se., Corvallis, Ore. 
Clarence Preston Gillett, ’84, D. Se., Fort Collins, Colo. 
Clarence Beaman Smith, 794, D. Se., Takoma Park, D. C. 


FUTURE PLANS. 


The teaching force of the College remained at their posts during the 
most of the month of June immediately following Commencement. Dur- 
ing this time several conferences were held by different groups of teachers 
discussing the general aims and work of the staff. An outline has been 
made of plans which I hope will lead to closer contact between the 
different divisions of our teaching force so that unity of action may be 
assured and that each one. of us may feel that he is recognized as an 
integral part of M. A. C., and as such is responsible for the upbuilding 
of the College. 

Congress passed February 23rd, 1917, an act to promote vocational 
education (Smith-Hughes Bill). The 1917 Michigan Legislature having 
accepted the terms of the grant May 5th, 1917, (Tufts Bill) created the 
“State Board for Vocational Education,” which consists of the Super- 
intendent of Public Instruction, the President of the State Board of 
Education and the Presidents of the University and the Agricultural 
College. This College will, therefore, be called upon to exert still greater 
efforts toward developing in Michigan’s secondary and rural schools 
thorough instruction in elementary principles of agriculture. Additional 
funds provided by this act of Congress will permit the College to enlarge 
upon and develop more fully the work already so well under way— 
the result of the efforts of Professor French of our department of Agri- 
cultural Education. 


EXPERIMENT STATION. 


The report of the Experiment Station Director again indicates that 
there is‘a decided necessity for the expenditure of more money for ex- 
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perimental purposes by that division. Owing to the great variety of 
agricultural products grown in Michigan and the consequent increase 
in plant and animal diseases, there are strong reasons why more and 
more money for experimental investigations is much needed. The results 
obtained by our Experiment Station workers form the basis for all of 
our Extension work. 


EXTENSION SERVICE. 


This, under the Smith-Lever fund act was early recognized as a val- 
uable adjunct to the work of the College as an educational institution 
and during the current year has proved of the greatest value in carrying 
forward the campaign for greater food production. The College, at the 
outbreak of the war, offered its services to Governor Sleeper to take 
charge of the campaign for the increase of food production but after 
being in conference with a number of prominent citizens of Michigan, 
Governor Sleeper thought best to place the matter of food production 
in the hands of a body of men known as the Food Preparedness Com- 
mittee with which the Extension Service has cooperated. To attain 
the desired ends, funds were granted from the State Treasury on 
recommendation of this Food Preparedness Committee, the following 
named men were appointed as Emergency County Agents for the counties 
named. These men, in addition to the regular County Agents having 
permanent appointments under the Smith-Lever Bill, have assisted 
materially in the food production problem. 


STATE AGRICULTURAL AGENTS FOR MICHIGAN 


1917-18 

County NAME AND ADDRESS. 
fe | EES So aS RE PO an ea a Sa OR ae A. L. Olsen, Munising. 
MIGONA MIOSCOP cron erate AE ee eee eee R. E. Prescott, Lincoln. 
Antrim, Otsego, Montmorency............ R. D. Bailey, Gaylord. 
[STS Ot ee Pa, LA oR eee ae es eae R. G. Brumm, Nashville. 
Bay eATEDAG As Titre bie: mea ok weenie ls, Be Sateen R. D. Harri ison, Jr., Bay City. 
Lc SST SE NY ae AE NER RICE rae Py oa) meh W. D. Jones, Cassopolis. 
OAL NC SS UE Rae ie ond ene ay cae cM Come Dae E. B. More, "Marshall. 
hiamieyiois 10) . Seri ate eee George Kilborn, Petoskey. 
Gis Rens SOR ts © Bae? pet tee Re OE W. J. Kennedy, Clare. 
GTM ect trent eta Ae Whe os on ae PE Te O. C. Hollister, Laingsburg. 
MOM bie eet Ges als Se Fred Curtiss, Charlotte. 
GIES EO IS 7 IT. TSAR MSI 8 ee) SIS TT) lags Wal 23 Rieman, Flint, City Hall. 
Grand Traverse, Kalkaska.. 22. .0.. 0. 8:4. 00% M. E. Duckles, Traverse City. 
RELI fore yes). 1 Poe eye Sma cant Sede UZR. Reynolds, Gladwin. 
G12 10) Fee a age OA A Rs Ser a YN C. J. Chambers, Ithaca. 
Piadleglaie seis toc isco Seesnite Se Ena Bankiles Geo. B. Smith, Addison. 
LAW ce0 SiR SS Pe eR SES ie ade Ba abe Er L. L. McCarty, Bad Axe. 
EEO vette ad votre Sra ohne adseee eee Frank Seeley, Mason. 
LOTTE ENA erg a as er Re Pe Rate lo Arthur P. Loomis, Ionia, R. F. D. No. 3. 
LUST CLES 225) SA ie eee ee Re NE Ne et Stephen 8. Fall, Mt. Pleasant. 
SEGRE Aedes Sag etnias ow See es E. C. Fowler, Jackson, Court House. 
LEN ole 5 pe a ee spay a ae i John W. Scully, Almont. 
Deelanar een ze: Mra UG dot eek oats Pee A. W. Mebert, Suttons Bay. 


HED AMI RENAL, Se Oe ae PLE a wank Wke WEEE H. W. Norton, Howell. 
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Macombvats Ganhe cee SoM ae: eel ee ae R. G. Potts, Washington. 
Mackinac: Shuces cron ect eee eres M. A. Leach, Newberry. 
Mecosta nc 'ss:3 Satitn alls irra eee ee B. J. Ford, Big Rapids. 
Madland’ 622 8> 00 Sin ce ee re Se ee H. W. Hock, Midland. 

Monroe es. osainticcn ass SOE ee ee J. B. Winslow, Temperance. 
Montealm. ). aes eee eae Edwin D. Greenhoe, Sheridan. 
Oakland: .4. Shae ge. oh eee er eee Harry McCracken, Farmington. 
Oceania 20 a3: 22) ee ee er eae eee Bernie Beach, Shelby. 

Osceola; hake). ce59 cee oie oo C. L. Rose, Evart. 
Roscommon, Crawford, Ogemaw:& Oscoda..W. F. Johnston, Roscommon. 
ANAC tin an eee Maret ele Mp en ie esa Grant Smith, Lexington. 
SHiswassée ic Merron ee eee A. B. Cook, Owosso. 

Tuscola} 4a 3. Be aise 8 Pac che Lee Alex. MacVittie, Caro. 
Wiashiten aiwieieese.i cits Gis ak teisentac epee ena W. D. Underdown, Ann Arbor, Edison Bldg. 


In conclusion I desire to express my great appreciation of the hearty 
cooperation I have received from the members of the State Board as well 
as my associates of the teaching staff of the College. 

Respectfully submitted, 
FRANK 8S. KEDZIE, 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEAN OF AGRICULTURE. 


To President Kedzie: 


I am, submitting herewith a brief report because the heads of the 
departments of the Agricultural Division have furnished detailed in- 
formation relating to their work. Progress made during the past year 
was very satisfactory to both faculty and students.* Few changes took 
place in the personnel of our staff. Prof. V. M. Shoesmith resigned March 
ist, to assume the management of a large farm estate and was succeeded 
by Prof. J. F. Cox who has been acting in charge since. Some additions 
have been made to the equipment for instruction work, laboratory courses 
have been more definitely outlined and the general efficiency of the in- 
struction work greatly increased. A course in land drainage has been 
authorized by the faculty to be given jointly by Farm Mechanies and 
Soils departments, thus meeting a very pressing need. 

The graduating class of the year receiving the B. S., degree, including 
general agriculture, horticulture and forestry, numbered 139. The fol- 
lowing advanced degrees were awarded, viz.: Master of Science 13, 
Master of Agriculture 3, Master of Horticulture 4, Master of Forestry 1. 

The following statement gives the enrollment in the four year courses 
in agriculture and forestry for the year, viz.: 


Graduate Students ........ Be eC eee te aT Nf 24. 
Seniors 2. daetinwweee ER ee eee peo ee (it 
JUNIOTS: 2, LM reo ae et See ee Po ibtats gress bl 
Sophomores: .:.-5 oars ala sts arc wacthn'acoe ek piers ae koe ene eee 169 
Hreshmen,. ; 73:45: big Rh siete Second cuehe wei) Pec ee 224. 
Speeiais s,s SOCRE TS eek, eet RRR AEIOe e tte e 28 
SHMNer:- Sessiony oi oro ae Foo ca ee 2 PS eee 
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Short Course Enrollment: 


Two Year 16 Weeks Course, Ist year ................ 82 
Two Year 16 Weeks Course, 2nd-year ................ 53 
General Agriculture, 8 Weeks, Ist year .............. 82 
General Agriculture, 8 Weeks, 2nd year .............. 33 
FIGVEICULEUPS, cr WV PERS: Soar So eee os oa toe ke Sob ok oy b's Bie 15 
PREY I a Conners td ete ss Sade se eae 24 
Poultry eo WCene its tear d cae oe BAe Tih a steed GeR ooo a. wdhets eke 6 
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The total enrollment for the Agricultural Division during the year, 
including both regular and short course students amounted to 1193, 
a slight decrease in comparison with the previous year. As all ayail- 
able space in the Agricultural Building was given over to the Engineering 
Division, no attempt was made to procure a large attendance upon Short 
Courses and the somewhat lesser numbers were handled with difficulty as 
it was. 

The Short Courses were directed by Mr. Ashley M. Berridge in a 
very satisfactory way, in fact never before has there been such close 
personal touch between administration and student, nor have class nor 
individual needs been met in such a satisfactory way heretofore. 

Dr. G. D. Shafer, Secretary of the Committee on Advanced Degrees, 
conducted the work of the year in an unusually painstaking and satis- 
factory way. We regret, exceedingly, that Dr. Shafer finds it impossible 
to remain with us another year and ‘continue the work so satisfactorily 
performed by him. 

Personally I have been engaged in instruction work during each term 
of the year, having presented ihe subject of Farm Management to Short 
Course men during the fall term and juniors in the spring, as well as 
meeting juniors in Animal Feeding and freshmen in Agricultural De- 
velopment in the winter term. 

I desire to express my appreciation of the persistent, painstaking, 
efficient efforts of Mr. R. S. Hudson, Superintendent of the College Farm, 
whose duties are of a more arduous character than is generally realized. 

I greatly appreciate the support and continuance of the pleasantest 
relations with all with whom I am officially associated. 

Respectfully submitted, 
R. 8S. SHAW, 
Kast Lansing, Mich., June 30, 1917. Dean of Agriculture. 


REPORT OF THE DEPARTMENT OF HORTICULTURE AND 
LANDSCAPE GARDENING. 


To the President: 


Sir—I herewith submit the following report of the Department of 
Horticulture and Landscape Gardening for the year ending June 30th, 
LORE: 
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The instructional work given during the year to all classes is briefly 


summarized below: 


FALL TERM. 
Subject. Time. Teacher. BiB 
2 Lectures cs, crepes vere ele mai eee alligan et ice 
Horticulture 2..........-....-+-. 2 laboratory DETIOUS Vea eeiee Lore Ra eee 191 
, CCUUMES oF ekeans etal crete er tnterets MISEACE..2).06 oxerale 
Horticulture 4...............-+.- 2 lay orate Period sin) t ees paeee ae See 38 
. GCTULES sees teasers A MISLACE.2.)..5 ot,ore 
Hortlenitune (IS AT ae | 2 laboratory periods... Loree & Gunson! 40 
Horticulture 1038.5... acc. Scercie te shades 1 jecture byes attr al reeks BUStace ln. era 42 
: 2 ACCTUTES ieee, socatere iets he apovat| SELIG TCO ee eens 
Horticulture 1la................. | 2 laboratory periods......... Loree. 2s -aise. ee 27 
Hoxticultime (2a ss- ee ree 5 reds neinde Halligan........ 14 
; ’Silechites seats ester tt 
Mortiqulture dae yf cysntars $ severe set | 2 laboratory periods. ...... Gunsont © ister 29 
AJOTMClECHIOM Sah cke nat <ioxe e elllcieke eee eles eee 2 
Graduate... 0.2. ee tee yee | Minor lection. #.ca5 1 eee ee eee 2 
WINTER TERM. 
FLOrHCOltnre Se tee ike areata oie ; 4 eporatory, Meriods!, ee Loree ert astala ay aur 154 
ae | So LECLMLES the the p etcigie ce onke rakes UUNSOW cee her ere 
Horticulture 5.......-.......-.-- \| 2 laboratory periods......... Hallicameaes tae 43 
ELOLHCHWItUTE.S <i tare ce So cette | SleCtUTeS 225 c)5- tees eres ons Mustaces. - ace 37 
Horticulture 10bee scene eee eee | piuleeture sir. St Sion as { Halliead yh : 43 
: 2 lectures: ne)-\s2 ber. m oe ere Eustace........ 
Horticulture 11b.............-.-. | 2 faboratcry, Periods eh Somer TOTEG 3} fe. 0, bese 27 
S1eCtires 2 2 Sta eee : 
Horticulture U2p teers chestnuts \ | 2 laboratory periods....... } Halligan. Fens 14 
Short Courses in Fruit Growing.... { 2 LEGER RCE: periods SAS ies } LD: Hal Coie Aamirycneyea 24 
Special Short Course, First year...... LG WEEKSis 32 h27R voice SRN tote eis FFalliganm sec. oes 31 
Special Short Course, Second year....| 8 weeksS.......-.......+++-- Halligan. 4.3 aver. 13 
Housekeepers Course... : see. ss ve « ie sana inane eee a Halligan, Gunson 3 
ajor elections. Sfe-lesant ee ok ce en oes 
Graduate.....-.5.-..--. esses eee { | Mirtor elections... o,i.:0..2 4.2: e449 sae eee 2 
| 
SPRING TERM. 
Horticulture 6 RA 3 lesturesvscn.cias See See H lli 38 
ct Mend te See rs epee 2 laboratory periods....... alligams:.3 sc. 
Horticulture). 1.36 sive celiac osice . Eustace, 25 
E 5 laboratory periods....... | Halligan, 10 35 
OLbiculeUTe, LOCs ettaye eyo = Sees = «i ee ustace, 2 
5 ware PED ts See ae eae SA Halligan, 14 Al 
CCULILES so astacs. vente ate UStACE1t-eee 
Horticulture ll¢c................-. 2 laboratory periods......... ores. eee 28 
Horticulture: 2¢) 2i.cfec ids pases os pataons periods poke Sets Halligan) soa lece 14 
ieriicuiture 1B cee iciw 2 eho ee oe 2 Tana perigds. 21 a} | stees sa ae 23 
Maj OrsGlection: <3 52nts mss aioe tees eatheleis eee 2 
Graduate. ......- 6... see eeee eee, IVEIMOTCLECHIOD ere 1S seers ole toler ee lim Covance nope eeaaesreete 1 
SUMMER TERM. 
PVOVEICUMAIVE DSS. sb. circle srsheeie ete | Lectures, laboratory periods...| Halligan........ 6 
PLOVUICUUPIITE<S snc \c)fala'ale hee aaeteis wR erate Lectures, laboratory periods...| Loree.......... 3 
GeneraleApriculture ... 5: ia. oc. see alee 2 weeks of Horticulture...... Mialligan 7.) s ch 
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All of this teaching has been done by the regular instructors of the 
College with the exception of the Short Course in Fruit Growing which 
was given by Mr. J. G. France, a graduate of the College in the class 
of 1911 whom we were fortunate enough to secure for this work. 

As the instruction work is now given, it includes a reasonable amount 
of work in the senior year in pomology and landscape gardening. 
Similar and parallel courses should be offered in floriculture and in 
‘yegetable growing. There is a definite and enlarging field for instruction 
in both of these subjects. However, before it is possible to give this 
work as it should be given, it will be necessary to have enlarged facilities 
in laboratory quarters and particularly in the greenhouse. Both the 
floriculture and vegetable gardening interests in this state are very 
large and constantly growing more important. Students who are 
anxious for instruction in these lines of work, and there is an increasing 
number every year, are obliged to go to neighboring institutions for 
advanced courses in these subjects. It is sincerely hoped that at the 
earliest possible mtoment provision can be made to offer courses in these 
lines. 

During the past summer and fall, the basement room in the laboratory 
has been overhauled, enlarged and equipped with working tables which 
are supplied with gas, water and drainage. The equipping of this labora- 
tory is going to afford considerable relief in handling some of the large 
classes but there is still a serious lack of work room in the laboratory 
for many of the classes and a particularly serious handicap on office 
room. With the increasing number of men in the Experiment Station 
and Extension work, the quarters are very uncomfortably crowded. 
A new laboratory building is certainly a very much needed part of the 
equipment. The present building is now twenty-nine years old and at 
that time cost but $7,000. 

Since it is highly desirable to do so much of the instructional work 
in the greenhouse, the lack of space there is keenly felt, and through 
the demands made upon the department for flowers and plants for 
decorative purposes at many College functions, the inadequacy of the 
greenhouse equipment is more keenly realized than ever. A range of 
modern houses is still hoped for. 

The work of keeping the campus attractive and tidy is becoming 
more serious and more expensive to handle every year and probably will 
continue to be so owing to the increased automobile traffic from Lansing 
and vicinity and the growing population of East Lansing and the vicinity 
of the College. During the summer, a great deal of money and time was 
expended in improving the campus roads and just the amount of im- 
provement that was done is shown on the accompanying diagram. 

All the work was done under the personal supervision of Professor 
Thomas Gunson by the regular department workmen and all expenses 
were paid out of the department appropriation. The method was to 
excavate the old roadbed to an average depth of twelve inches which 
was then filled with nine inches of stone salvaged from the super- 
structure of the Engineering Building. This filling was covered with 
two inches of broken stone and brick and on this was placed one inch 
of road gravel and then thoroughly rolled with a sixteen ton road roller. 
Wherever the road bed was clay, ample provision was made for drainage 
to prevent heaving in the spring. 
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The effort to keep enlarging the species of trees and shrubs on the 
campus is continually being made and it is the constant desire to have 
the campus of educational value as well as attractive in general appear- 
ance. 

In the orchard and garden work, new plantings have been made of 
various fruits, particularly the new kinds, and a constant effort is being 
made to improve these grounds along educational lines although tie effort 
to produce the various kinds of fruit in so close proximity to a populated 
city is increasingly difficult. 

It is suggested that it would be desirable for the State Board of Agri- 
culture to employ a man to police the gardens and grounds. 

It is a pleasure and satisfaction to acknowledge the interest of the 
officers and members of the Michigan State Horticultural Society in 
the students of horticulture. As has been noted in previous reports, the 
Society offers two contests open to horticuitural students of the College, 
one for a five minute speaking contest and one for fruit judging and 
identification. The prizes are thirty dollars for each contest, divided 
into $15.00, $10.00 and $5.00. 

In the speaking contest, the Winners were: 

Mr. A. L. Pino, Ithaca, Michigan—First. 
Mr. R. L. Lepper, Washington, D. C.,—Second. 
Mr. J. T. Bregger, Bangor, Michigan—Third. 


In the fruit judging and identification : 
Mr. E. B. Benson, Fennville, Michigan—First. 
Mr. J. F. Sheldon, Croswell, Michigan—Second. 
Mr. W. F.. Van Buskirk, Erie, Pa. _—Third. 


The Ninth Annual Fruit and Flower Show was held during the latter 
part of January. This was handled entirely by the junior and senior 
students specializing in the department and was a splendid success and 
enjoyed not only by a large number of college students but by residents 
of East Lansing and Lansing. 

The shortening of the spring term so that all work closed on the 31st 
of May necessitated the decided curtailment of the work planned for the 
various courses but the best was made of this situation. 

It is a pleasure to report the. loyalty and interest of all members of 
the department: Associate Professor C. P. Halligan; Assistant Pro- 
fessor Thomas Gunson; Instructor R. E. Loree; Extension ae 
C. W. Waid and J. H. Garmody ; Assistant Horticulturists W. C. Dutton 
and H. J. Bock and Miss Nellie Strudley, Clerk. 

Respectfully submitted, 
ds Foe EUSTACE, 
Professor of Horticulture. 
East Lansing, Mich., June 30, 1917. 
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REPORT OF THE DEPARTMENT OF DAIRY HUSBANDRY. 


President F. S. Kedzie, East Lansing, Mich. 

Dear Sir:—In reviewing the college year ending June 30, 1917, we 
have the honor to present the following facts and observations as worthy 
of especial notice. 

With the more active interest in dairying and the increasing number 
of students attending college, an even larger number of men are taking 
the dairy courses than was anticipated when the present Dairy Build- 
ing was constructed. While the building is of ample size for dairy 
manufactures, it has been found impracticable to separate the students 
into a sufficiently large number of sections to enable them to take the 
courses in manufacture with greatest benefit. To alleviate this condi- 
tion and to distribute the teaching more evenly throughout the year, 
as well as to make the dairy plant constantly effective, Dairy Husbandry 
2 and Dairy Husbandry 3, have been scheduled for three terms during 
the year; namely,’ the fall, the spring, and the summer terms. Dairy 
Husbandry 1, and Dairy Husbandry 4, which occur in the spring term, 
are also offered in the summer term. It is anticipated that these ar- 
rangements will bring needed relief. 

Kach year an increasingly large number of students have asked for a 
course in ice cream making. This has been added during the past year, 
and will be offered both in the spring and in the summer terms. The 
work of this subject is being placed on par with that of the other dairy 
courses. 

It is more than probable that a further re-arrangement will be asked 
for during the coming year, which will permit the department to give 
a course in dairy production. 

As intimated in my last annual report, the Creamery Buttermakers’ 
Conference and Six-day School has been made an annual feature, and 
the week next preceding the Christmas vacation has been assigned as 
the regular time for holding this school. During the last session the 
school was attended by over fifty people, forty-two being buttermakers 
or creamery inspectors. Besides the regularly employed instructors of 
this department, Professor M. Mortensen of Ames, Iowa, was secured for 
the week, and gave most valuable assistance. 

The further investigation into the Cost of Milk. Production has been 
continued throughout the year, Mr. I*. T. Riddell being in general charge 
of the work. Mr. A. ©. Lytle has been stationed at Webberville, and 
Mr. S. J. Brownell has acted in a similar capacity at Howell. 

During the last year the results of the Grand Rapids investigations 
have been compiled and published as Bulletin No. 277. 

The first report of the work at Howell and Webberville will be ready 
for publication in a very short time, and is now being compiled by 
Mr. Riddell. 

During the year the department has been most ably assisted by Pro- 
fessor H. E. Dennison in the field of Dairy Production, Professor C. E. 
Newlander in the field of Dairy Physics and Chemistry, Mr. W. D. 
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Meltzer as instructor in Butter making and Ice Cream making, Miss 
Alison Ransford as instructor in Cheese making, Mr. John E. Burnett as 
instructor in Dairy Production and as Supervisor of Advanced Registry 
tests, Mr. R. W. Wyant as instructor in Market Milk Management, and 
Mr. I’. A. Hagedorn as Assistant in Butter making. 

Mr. Meltzer resigned March 1st to take a position with a creamery 
company in Canada, and his place has been filled by Mr. F. A. Hagedorn. 
Professor H. E. Dennison resigned April 1st to take up farming in the 
state of New York. Professor C. E. Newlander resigned June 1st to 
take up extension work with the Dairy Division of the United States 
Department of Agriculture. 

We are pleased to report that instruction has been given in all the 
courses of study offered to regular as well as to special students. It 
is our opinion that the character of the instruction and work accom- 
plished by the students has been fully up to standard, and it has seemed 
in some ways that we have even done better work than heretofore. 

Respectfully submitted, 
A. C. ANDERSON, 
Professor of Dairy Husbandry. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF FARM CROPS. 


President F. S. Kedzie, East Lansing, Mich. 


Dear Sir—I submit herewith a brief report of the work of the Depart- 
ment of Farm Crops for the year ending June 30, 1917: 

Professor V. M. Shoesmith, head of the department, resigned April 1st 
to take over the management of a large tract of land near Grand Rapids. 
His departure was marked by the regret of the entire department, and 
hearty good wishes for success in his new field. 

A brief summary of courses, number of students enrolled, and in- 
structors in charge, is herewith given: 


Farm. Crops I, Cereal Crops, Freshman Course. ...216 students 
J... E.. Cox, 
Farm Crops II, Forage Crops, Sophomore Course ..148 students 
A. L. Bibbins. 

Farm Crops III, Grain Judging, Senior Course ....68 students 
V. M. Shoesmith, J. F. Cox, A. L. Bibbins. 

Farm Crops IV, Special Mich. Crops, Senior Course. .78 students 

J. F. Cox, A. L. Bibbins. 

Farm Crops V, Crop Improvement, Senior Course. ..72 students 

F. A. Spragg, Graduate Assistant Putnam. 

Grad vale “PUWO CMe occ cancdier dees haste ae cle hate is la) t acs 30) te Seoie se Cle 2 


During the summer session, Farm Crops IV was presented, and a 
special two weeks crops course for rural teachers. 

Two crops courses were given during the winter to the two year Short 
Course students, and two to the eight weeks Short Course students. 
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The declaration of war with Germany increased, rather than decreased, 
interest in the spring courses. Members of the class prepared numerous 
articles on timely crops subjects for publication in their home papers, 
accompanied by personal letters. A number enlisted in the Officers’ 
Training Camp, returned to the farm, or took up constructive agri- 
cultural work in the state toward the end of the term. 

Special attention was given in the spring to the planting of instruction- 
al plats used as a basis for study in the field of various crops, and to 
furnish an ample supply of crops material for class room and exhibit 
purposes. 

Provision is made in all courses given by the department for labora- 
tory and field work, except in Farm Crops II, and it is hoped that satis- 
factory arrangements will be made to strengthen this course by proper 
laboratory work before it is again repeated. 

As rapidly as possible, crop samples, exhibits, and illustrative material 
are being added to the collection of the department to further strengthen 
the teaching work. 

Owing to the hearty cooperation of all in the department, I take 
pleasure in reporting progress for the last year. 

Very truly yours, 
Je. K WeOx, 
Acting Head, Department of Farm Crops. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF SOILS. 


President F. S. Kedzie, Michigan Agricultural College. 

Again it is gratifying to report favorably upon the progress of 
the departmental activities. As predicted in last year’s report the 
courses offered by the various members of this department were made 
somewhat stronger than previously, yet our plans for the ensuing year 
are such that greater efficiency should result. 

The department has received a few requests from other institutions 
for men to take up college and station work, invariably men of thorough 
training in the sciences being sought. It is unquestionably true that 
the importance of a working knowledge of these subjects is being more 
strongly emphasized than previously. We again desire to lay emphasis 
on this phase of the educational activities of the institution, being firmly 
convinced that students should be encouraged to thoroughly ground 
themselves along these lines. Moreover, the time has doubtless passed 
when a student is able to master all phases of agriculture together with 
the necessary courses in other lines, in four years. In fact, we are rapidly 
coming to the conclusion that students are required to scatter their 
energies in too many directions and that slight changes could be made 
that would result very favorably. 

During the year extension work was conducted by means of cor- 
respondence; a few lectures to institutes and in addition, about five 
hundred samples of soil and marl were examined and reported upon. 
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We also cooperated with certain county agricultural agents. 
connection it is well to state that we have found it indeed desirable 
for those in charge of the various classes to come in contact with, and 
study the soil conditions in the state. 
Mr. C. W. Murphy conducted several one week schools during the win- 
ter; reports that came to my attention show that this phase of the ex- 
tension activities is in great demand in several sections of the state. 


The enrollment in the various courses offered was as follows: 


Soils 
Soils 2 
Soils 
Soils 4 B 
Soils 4 € 
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Respectfully yours, 
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In this 


M. M. McCOOL, 


June 30, 1917. Professor of 


Soils. 


REPORT OF THE DEPARTMENT OF ANIMAL HUSBANDRY. 


President F. S. Kedzie, 


College. 


Dear Sir—I have the honor to submit the following report of the De- 
partment of Animal Husbandry for the year ending June 30, 1917. 
Schedule of class work given by department staff during the year: 


Class. Subject. Section. Teacher. Hones pet Pode 
hifes|10 0 aP  RN ar or g S ete Animal Husbandry 1......... 1-3 Mire: Clarks . 237.2 6 72 
WresMMians, ex. deus one Gcee tate ee Animal Husbandry 1.........| _4-6 | Mr. Clark...... 6 59 
BreRDMaANs Stele seat ete «aS eee ie ere Anal Husbandry 1......... _ 7-9 | Mr. Edwards... 6 59 
Hreshmanseretsag st ho. ee eee A umal Husbandry 1......... 10-12 | Mr. Edwards... . 6 55 
{EY GT ed oe ain, are te ip A era SP Animal Husbandry 2.........|.......- Mr. Edwards... . 6 132 
SLT) Rae aga Ao ee ere eee one atlee Animal Husbandry 5........|...... { ea y eee \ 15 aa 53 
Two year Short Course (1st term 2nd 
Wea GIWEEKS)) 5 shee se led Gre ase tles Studyxofl ypest \ as obec stellen Prof. Brown. .. . 10 87 
Two year Short Course (ist term 2nd 
earl GiWEEkB) scr. ae ais oa ata ciatns Stock Meedinet}*+..4 NES. =o salt onraton Prof. Brown.... 5 87 
52.5 604 
Average enrollment per class, 75.5. 
Average enrollment per instructor, 201. 
WINTER 'TERM. 
PALO (oSipag eli gM MS 2 a tie iE oe ter oe Anima] Husbandry 4.........|.......- Mr. Edwarcs. . . 5 143 
DETIOR Are Gain ser or eee eee Animal Husbandry 6.........|........ Prof. Brown... . 6 30 
ERIE ee a oe as Sota ead ee Animal Husbandry 6.........|.---...- Prof. Brown. ... 6 29 
Two Yr. Short Course (16 weeks)...... Study Of breeds a. wn semraerss lllnaae { vite pe i | 10 74 
Two Yr. Short Course (2d Yr. 16 Wks.)| Stock Judging.....,.........J-...--.. Mr. Edwards 6 53 
Two Yr. Short Course (2d Yr. 8 Wks.) | Stock Judging...............|...0.+-- Mr. Clark...... 6 38 
Two Yr. Short Course (1st Yr. 8 Wks.) | Types and Breeds...........|.....--- Mr..Clark+..... 6 81 
Two Yr. Short Course (Ist Yr. 8 Wks.) | Animal Feeding.............|......-- Mr. Edwards 5 49 
Two Yr. Short Course (Ist Yr. 8 Wks.) | Animal Feeding.............|......6- Mire Clarke... 5 31 
55 528 


Average enrollment per class, 88. 
Average enrollment per instructor, 176. 
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The instructional force during the past year consisted of Mr. W. E. J. 
Kdwards and Mr. W. N. Clark, both of whom performed very satis- 
factory work. Mr. Clark resigned March 1st to accept a position as 
Farm Manager at Glenview, Illinois. 

I would especially direct your attention to the fact that the average 
number of students per class handled by the department was 75 during 
the fall term and 88 during the winter term. Again, there was in the 
fall term over 200 men enrolled in classes for each member of the 
teaching force and in the winter 176 men for each member of the teaching 
force. When it is remembered that these averages include the seniors 
who are receiving technical work and are specializing in the subject of 
Animal Husbandry it at once becomes apparent that they are not re- 
ceiving the attention which is rightfully theirs, nor is it possible to do 
the class of work that a college should stand for, with classes of the 
above size. 

During August, September and October, members of the department 
judged live stock at the following fairs: Detroit, Grand Rapids, Bay 
City, Howell, Owosso, St. Johns, Saginaw, Greenville, Harrison, Evart, 
Marshall, Emmet City, Big Rapids, Hastings, Cadillac, Adrian, Hills- 
dale, Jackson, Caledonia and Wolverine. It is regretted that more time 
cannot be given to fair judging as this work brings the members of 
the staff in close touch with the live stock breeders of the state and 
gives them an insight into live stock conditions that could be obtained 
in no other way. 

Care and management of the live stock equipment handled by the de- 
partment has been greatly facilitated and placed on a much more 
economical basis since the appointment of Mr. Robert Mackie, January 
Ist, to have charge of the herds and flocks. At the present time the 
department maintains breeding herds of six different breeds of swine, 
four different breeds of cattle and breeding flocks of seven different 
breeds of sheep. The large number of breeds are maintained to furnish 
instruction to the students through first-hand experience and handling 
of the animals rather than through text-book knowledge. The breeding 
herds and flocks have been built up on a very slight expenditure of 
money and are now in first-class condition, although if their improve- 
ment is to be further continued, it will necessitate the expenditure of 
larger sums for the purchase of high-class sires. 

Respectfully submitted, 
GEO. A. BROWN, 
Associate Professor of Animal Husbandry. 


East Lansing, Mich., June 30, 1917. 
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REPORT OF THE DEPARTMENT OF POULTRY HUSBANDRY. 


President F. S. Kedzie, College. 


Dear Sir—I have the honor to submit the following report of the 
Department of Poultry Husbandry for the year ending June 30, 1917: 


BUILDINGS. 


We are occupying seventeen buildings; one house 18 ft. by 184 ft, one 
house 16 ft. by 84 ft., three colony houses each 16 ft. by 24 ft., two colony 
houses 6 ft. by 8 ft., seven portable colony houses 10 ft. by 12 ft., one 
open front house 20 ft. by 20 ft., and an oat sprouting house 10 ft. by 14 ft. 
Students have built three houses as laboratory work during the year. 


EQUIPMENT. 


The department has operated eighteen incubators, one 1200 egg size, 
two 200 egg size, three 150 egg size and twelve 70 egg size. Students 
have received instruction in handling all methods of heating in in- 
cubators—lamp, water and electricity. One large laying house has been 
converted into a brooder house with ample facilities for brooding 3500 
young chicks with the colony stove system. Eighteen lamp brooders 
are available that will brood 1300 young chicks so that the total brood- 
ing capacity for the poultry plant is 4800 young chicks. 

Breeds of fowls that are popular with farmers, poultrymen and back- 
yard raisers of poultry are maintained upon the poultry plant. Ducks, 
geese and turkeys are also kept for educational and investigational 


purposes. 
Table showing the kinds of fowls: 
EVGIUG. Shane hea Fare ee ce nee eee secede ROE EN 840 
Cockpitds,. fos aincoe a. . bda3Rs Ana eee eae 57 
Youne stock: (all ages): »....3-2.5i< a00 aes 2 Veep 2100 
ABU tears 157 o ar wc oS nos ae epee ahaa Ep on tone one 3 
Ducks 7eRoen Olds 3. A ea et FO ee 15 
bucket (youn eye eee: & eda Pe Cs BO 40 
frEEKEs (ON) RS AT sat. os ede ree ae She eee ew bte 8 
GEESE EV OUML) 2 a2 5 hs cee ee te oe ee eRe eee 12 


SP babes tiaces stesa ie Saye alsa aye a PEN zing sfaeea w Vast e « SOOTD 


The instruction work for the year has been as follows: 


Summer Term—5 regular students, 15 special students, Total—20. 
Fall Term—9 regular students, Total—9. 

Winter Term—17 regular students, 33 S. Course, Total—50. 
Spring Term—137 regular students, Total—137. 


otal for Lhe-years.2 ices ee eee ee eae or Cea es ea wd 216 
Total number of hours devoted to lectures .............. 150 
Total number of hours devoted to laboratory work ........ 267 


Total number of hours of instructional work.......... 417 
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The following investigational work has been started: 
. Testing simple and complex rations for laying hens. 
2. Testing effect of open front housing for laying hens. 
5. Testing hatchability of eggs kept for different lengths of time. 
Testing moisture problems in incubators. 
5. Testing effect on hatchability of eggs layed by hens fed upon beef 
scrap, buttermilk and cottage cheese. 
6. Comparison of length of time for incubation of brown and of white 
eggs. 
7. Testing effect of artificial lighting of laying houses upon egg pro- 
duction and vitality of chicks hatched from eggs laid under these con- 
ditions has been continued. 
Trap nesting and pedigreeing stock has been carried forward. 
Every possible effort is being made to bring the flock up to the very 
highest egg and meat producing power. 
Respectfully submitted, 
CH. BURGESS, 
Associate Professor of Poultry Husbandry, 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


President F. S. Kedzie, College. 
Dear Sir—I have the honor to submit the report of the Department of 
Farm Mechanics for the year 1916-17 


INSTRUCTION. 


Following is given the staff of instructors and assistants whose whole- 
hearted support and cooperation in the work of the department I wish 
to acknowledge: 

Mr. Wilson Duncan was appointed instructor in blacksmithing, Jan- 
uary Ist, and has carried on this work very satisfactorily, in addition 
to the horseshoeing and repair work. 

We are indebted to the Engineering division for the services of 
Mr. A. Watt, whose time and effort was unreservedly given for the Short 
Course work in blacksmithing. 

Mr. C. N. Rix continued with his work of instructing the Short Course 
men in wood shop and worked out a set of new practical exercises for 
them. 

Mr. H. J. Gallagher assisted in the wood shop work and gave valuable 
aid. 
Mr. D. H. Flower taught Farm Engineering and Creamery Mechanics 
and gave much practical help in the development of marl handling 
machinery. 

Mr. O. E. Robey, Extension Specialist in Household Engineering, has 
had greatly increasing interest shown in his work, especially m the 
counties where the work was carried on previously. 

Mr. Samuel Toms has continued in charge of the machinery laboratory. 
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Instruction in the several courses given by the department may be 
summarized. The number of students receiving work is as follows: 


AEM SCEMCEREES es oo ocala es Aterers sever oc Srad Mavasade ate retare 60 
Ber Tnd COM CMPET EES. 3 <0, ie ie, bora Sia bic locdes wpahchede\srauect “oe 8% 24 
Power Machinery ........ ph oer Mas So eee Y 99 
HY NEA NE OMIM aS a caret ala saka aes aie: laren wie Rees PALE ests 43 


In the short courses the numbers are: 


aaa itt eM pate U A Ge 5s essa elete as! oles eels sil ¢ ae She ae 53 
ae ries an AM UIE eget hha Sievesl see ere at hc eeieies sieirioie lots 50 
Wood Work. <2 2.2 =. reg ae eaate On eC ee ol re ccia) Si 9 ah aw, ats 147 
FEO NV OTE crane oe pega) safe ei bal psa isos stiesumiefokeys oe se LAS 
(Ua Weir ve s MUHA TMCS: vag. topsite tet age! eters to; @ Snares 96 S48 6) <> 19 
Gas “Kusines .(etorticaltural) 2.5... Doral oiee. 5 tees 3 


Practical work was done by the class in Farm Conveniences. One of 
the problems worked out was the construction by the class of a concrete 
manure pit for the Bacteriology department barns. A new and much 
needed course in Farm Drainage is to be added next year. This course 
will present work which is of particular interest on the farm considered 
as a unit. 


INVESTIGATION. 


Many inquiries concerning methods of removing marl from submerged 
beds has brought this problem to our attention. Some thought has been 
given the problem for two years or more. Last spring, however, the 
interest in this was greatly increased, and Mr. D. H. Flower was engaged 
to work on the problem. No practical results have been attained as yet. 

Much valuable information is still being collected by the Extension 
Representative in Household Engineering on sewage disposal. An effort 
has been made to keep in touch with tractor development. There are 
now one hundred and fifty different sizes and types of tractors to be had, 
though none have proved their place in more than a limited way. 


EXTENSION. 


The work in Extension has been confined quite closely this year to 
Household Engineering, a report of which is made under the Extension 
division by Mr. O. E. Robey who has had charge of this work. With 
the call for greater production last spring, the work in Household En- 
gineering was reduced and work in drainage taken up. The interest in 
drainage has increased wonderfully and provision should be made to 
meet this increasing demand. About 250 sets of blue-prints on various 
subjects principally barns and other farm buildings have been sent out 
besides those handled by the Extension representative. Greater demands 
are being made on the department for information and great opportuni- 
ties are ahead if these demands can be met. 

Respectfully submitted, 
H. H. MUSSELMAN, 
Associate Professor of Farm Mechanics, 
East Lansing, Mich., June 30, 1917, 
9 
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REPORT OF THE DEPARTMENT OF AGRICULTURAL 
EDUCATION. 


To the President. 
Sir—I herewith submit a brief report of the work of the Department 
of Agricultural Education during the year ending June 30, 1916. 


I. TEACHING. 


During the summer school of 1916, I had charge of two double period 
classes, one in elementary rural education and the other in agricultural 
pedagogy. 

During the school year I have given courses in pedagogics for both- 
men and women. The courses given to the women are known as Pedagogy 
I, If and III. The number of women taking these courses has averaged 
fifty-five during the year. The courses given to the men are known as 
Pedagogy IV, V and VI. In the fall term I had 145 students in these 
subjects and in the winter term 117 and in the spring term 118. There 
were two sections for the men, with about an equal number in each 
section. In connection with the class room instruction the young women 
are required to observe instruction in domestic science and art in 
the public schools, and for this purpose they visited the leading schools 
within a reasonable distance of Lansing, teaching these subjects. The 
women are also required to have practical exercises in school sanitation, 
schoolhouse construction and arrangement, particularly with reference 
to the laboratory for domestic science and art, also school room decora- 
tion and extension service in home economics in the public schools. 
The men are required to observe instruction in agriculture in high 
schools where agriculture is taught and to submit written reports upon 
their visit concerning the science work and agricultural work, with a 
description of laboratories, laboratory equipment and the organization of 
field work for high school students. 


Il. HIGH SCHOOLS. 


During the year four year courses in agriculture have been given in 
fifty-seven high schools. The instructors in all these schools are gradu- 
ates of this institution or of other agricultural colleges. In addition 
to these schools there are about twenty other high schools giving some 
agricultural instruction, the instructors being men who have had short 
courses in college or agriculture in a normal school. All these high 
schools have been inspected by Mr. Grover, of this department, and by 
myself. During the spring of 1917, I have organized ten new high schools 
for courses in agriculture as follows :—Albion, Flint, Gladwin, Highland 
Park, Ionia, Lowell, Manistique, Portland, Sandusky and Three Rivers. 
Unless some of the teachers of agriculture are drafted into the army 
we shall have sixty-seven high schools teaching agriculture and the in- 
struction given by agricultural college graduates, for the ensuing year. 
The same standards of work and equipment as were established last 
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year have been required for this year, and these standards constitute the 
basis for recognition of the agricultural work for entrance credit at the 
University and other educational institutions. 

During the year we have developed the practical side of the agri- 
cultural instruction by organizing a high school agricultural association 
in each high school where agriculture is taught. The members of this 
association agree to work out practical farm projects during the summer 
season and make a report upon same to this department, as well as to 
their schools. The supervision of this project work has been placed in 
charge of Mr. E. Lynn Grover, Assistant Professor of this department. 


III. EXTENSION SHRVICE. 


I have conducted five teachers’ institutes during the year and have 
given’ a number of addresses at farmers’ meetings in different parts 
of the state. I have also cooperated with the Department of Public 
Instruction in the matter of re-organizing the rural schools. We have 
given especial attention to the.matter of organizing township districts 
and township high schools. We have had frequent meetings with groups 
of County Commissioners of schools, and during the Farmers’ Week at 
the College we invited all the Commissioners of the state to attend the 
special rural educational convention at the College. The proceedings 
of this convention proved to be so pleasing that the Commissioners 
requested another meeting of the same type to be held during the en- 
suing year. 


IV. PUBLICATIONS. 


During the year we have published two pamphlets: First, bulletin 
No. 16, which is a report to the College and to the state on instruction in 
agriculture in secondary schools. Second, bulletin No. 17, which is an 
outline of the plan for organizing the high schools for home project work. 
The bulletin contains a full description of this work, with suggested 
credits to be given by the schools for such field work. 


Vv. TEACHERS. 


Not all the young men, who take the courses in pedagogics intend to 
teach, only about 40% of the young men from the agricultural courses 
were prepared for teaching. The war conditions have interfered ma- 
terially this year by taking a large number of men in the agricultural 
course for special farm work and for military service, thus reducing the 
possible number of men open to employment as teachers of agriculture. 

We have a regular system of registration for those who intend to 
teach and we keep in constant touch with the work of the public schools 
and render such service to superintendents of schools and Boards of 
Education as they may desire in the matter of securing teachers for 
special subjects in domestic science and art and agriculture. We have 
been able also to locate a number of our men as teachers of manual 
training and teachers of science. Up to this time this year, we have 
located nineteen men as teachers of agriculture and twenty women as 
teachers of domestic science and art. Thus far we have been able to 
supply all the calls for such special teachers that came to us. About 
half of the schools of the state, which teach domestic science have em- 
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ployed our women as instructors. So far as I can see at the present time, 
we shall be able to supply all the teachers of agriculture that may be 
needed for instruction in the public schools. 


VI. THE STATE SOCIETY FOR THE PROMOTION OF AGRICULTURAL EDUCATION. 


This society was organized in 1909 and consists of the teachers of 
agriculture, superintendents of schools, county school commissioners and 
others who are interested in the extension of agricultural education. 
This society held its annual meeting at the Agricultural College, the last 
meeting being held on May 4th and 5th. 

Last fall at a meeting of the State Teachers’ Association in Grand 
Rapids a section of the State Association was organized known as the 
section of Agricultural Instruction. This is the first time in the history 
of the state that the State Assocation has recognized officially the 
instruction of agriculture in the public schools. The officers for the 
current year are—Chairman, W. H. French, East Lansing; Secretary, 
Glen I. Hobbs of Three Rivers. 

The State Association, which met at the College on May 4th, 1917, 
presented a very able program, but gave particular attention to a dis- 
cussion of the Smith-Hughes law relating to Federal aid for instruction 
in agriculture and home economics. The officers elected for the ensuing 
year were: President, Geo. Gilbert of Gladwin, and Secretary L. R. 
Service of Monroe. 


VII. VISITATION AND SUPERVISION OF SCHOOLS. 


In addition to the instruction along the line of teacher training, which 
is assigned to the Department of Agricultural Education, the department 
has a man supervise the instruction in agriculture in the high schools 
of the state. The fifty-seven schools, which have been giving such in- 
struction during the past year have been visited from one to three 
times, all of them, have been visited once and many of them two or three 
times. In these visitations we observe the work and make suggestions 
and recommendations to the superintendent and instructor concerning 
text books, library equipment, field work and other things, which may 
tend to improve the character of the instruction and make it more 
effective. 

We receive a cordial welcome from the superintendents of schools and 
I believe that this supervision work is of direct importance to the 
Agricultural College, as through it we come in contact with the public 
schools and secure instruction favorable to the institution that probably 
could not be secured in any other way and I believe this to be of distinct 
advantage to our institution. 


VIII. ASSISTANT OF AGRICULTURAL EDUCATION. 


I cannot speak too highly of the work of Mr. E. Lynn Grover, Assistant 
Professor of Agricultural Education. I consider him one of the strong- 
est men in this line in the country. He has been untiring in his efforts 
to supervise and improve the character of the agricultural instruction 
in the high schools, and I have placed the development of the home 
project work wholly in his hands. This work is going forward vigorously 
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at the present time. It is no small task to travel from one end of the 
state to the other inspecting high schools, acting as judge at school 
fairs, speaking on agricultural education and cooperating with the.in- 
struction department of the College and at all points of contact, and I am 
pleased to say that Mr. Grover has measured up to the full standard in 
all this work. 

We are now waiting anxiously for action by the Federal Board of 
Control, concerning the operation of the Smith-Hughes act and the 
State Board of Control for the same purpose within the state, as they 
will operate under the supervision of the Tufts law. These two laws 
afford Federal and State subsidy for agricultural education in the 
public schools and we believe that when these laws have been put in 
operation they will prove to be a strong stimulus to the work and will 
assist materially in standardizing the instruction, equipment and or- 
ganization of this important branch of modern education. 

Respectfully submitted, 
WALTER H. FRENCH, 
Professor of Agricultural Education. 
East Lansing Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF FORESTRY. 


The President, Michigan Agricultural College. 


Sir—I have the honor to submit the following report for the Depart- 
ment of Forestry for the year ending June 30, 1917. 

The work of instruction has been carried on during the year as 
described in the College catalog. The vacancy caused by the resignation 
of Mr. S. V. Klem, Instructor in Forestry, at the end of last year was 
not filled and the classes which had formerly been taught by him were 
taken by Professor Sanford and myself. 

The Forestry Summer School was held as usual on the lands of the 
Cummer-Diggins Company at Dayhuff Lake near Cadillac. <A_ short 
course in forestry, open to special students, was given this summer in 
addition to the regular work. The keynote of the special courses was 
the conservation of the natural resources of the country and the work was 
principally carried on in the woods near camp. A chapter of Xi Sigma 
Pi, a forestry honorary society, was organized at the College. It is 
already in a healthy condition and should do much toward raising the 
scholastic work of the students. The Forestry Club has been active 
during the year, the attendance during the fall and winter terms being 
particularly good. The second number of the Forestry Annual was pub- 
lished by the Club. 

Ten men received the degree of B. S. in Forestry at Commencement. 
Of these two left College early in May to go to the Officers’ Training 
Camp at Fort Sheridan, one was excused from classes at the same time 
to take special military training at Washington and one enlisted in 
the Lansing battery. The others obtained positions in forestry work 
immediately upon graduating. 
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Mr. E. G. Hamlin was appointed Half-time Graduate Assistant in 
Forestry in September and resigned in May to go to the Officers’ Training 
Camp at Fort Sheridan. While connected with the College he began a 
very complete series of experiments on the control of damping-off of 
coniferous seedlings, which may be easily completed and will be of 
value, as this is a disease which does much damage each year in forest 
nurseries. 

The appointment of Mr. E. C. Mandenberg as Extension Specialist 
in Foresty in September greatly relieved the strain upon the depart- 
ment in attempting to carry on the teaching and field work at the 
same time. An increasing number of calls for assistance in forestry 
work are coming in and with Mr. Mandenberg’s assistance excellent 
service is being given. 

The maple sugar bush in the River Woodlot was operated successfully, 
about seven hundred trees being tapped. The experimental work in the 
sugar bush was continued for the third year. After one more season’s 
run sufficient data will have been collected to warrant publication of 
the results. The experimental work with basket willows was also con- 
tinued. The size of the College willow holt was considerably increased 
and a large number of cuttings have been furnished at cost to residents 
of the state. 

The Forest Nursery has been operated successfully, planting stock 
amounting to 95,000 trees having been shipped during the year. A 
large number of these trees have been. used for sand dune planting, 
which work has been pushed by the department. Owing to depredations 
by one of the poplar borers it became necessary to destroy all the small 
Carolina poplars in the nursery, approximately 10,000 small trees being 
removed. 

The planting experiment in cooperation with the United States Forest 
Service on lands adjacent to the College lands near East Tawas, which 
was started on a small scale Jast year, is being continued. 

The department has given up a number of rooms to the Physics depart- 
ment. The work of the department is necessarily somewhat handicapped 
by the resultant crowding and it is hoped that the space may be 
restored within due time. 

Respectfully submitted, 
A. K. CHITTENDEN, 
Professor of Forestry. 
East Lansing, Mich., June 30, 1917. 
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REPORT OF SUPERINTENDENT OF FARMERW’ INSTITUTES. 


During the past year Farmers’ Institutes have been held in all of 
the counties in the Lower Peninsula except Kent, as well as in most 
of the counties in the Upper Peninsula. With a few exceptions the 
county institutes, which were held at the end of the series, lasted two 
days, usually with five sessions, but in a few instances one-day meetings 
with two or three sessions were held, and in a number of other counties 
the institutes lasted three days generally with eight sessions. In this 
series there were 67 institutes, with 334 sessions and an attendance of 
41,271. 

For these meetings three speakers were generally furnished for at 
least one day. The third speaker was usually a woman who conducted 
a special congress for women. Instead of having a single session as 
has been customary in former years, a forenoon as well as an afternoon 
session was arranged. 


ONE-DAY INSTITUTES. 


The large demand for one-day institutes showed an increased interest 
in such meetings and the invitations were accepted so far as the funds 
available permitted. While a considerable number of counties held 
from twelve to eighteen institutes, the average number was only about 
six to a county. The holding of these meetings made it possible to place 
an institute within driving distance of a very large proportion of the 
farmers of Michigan and, in some counties, it was noted that a con- 
siderable number of farmers made it a practice to attend two or more 
of the institutes. 

In most of the counties we were able to carry out the plan inaugurated 
some ten years ago of requiring the local associations to look after the 
entertainment and transportation of the state institute lecturer while 
in the county. This resulted in lessening the cost of holding the insti- 
tutes by nearly one-half, the effect being to practically double the number 
of institutes that could have been held with the same funds had all of 
the expenses of the speaker been paid by the Agricultural College. 

The success of these meetings was measured very accurately by the 
efficiency of the officers of the county institute societies. When care 
has been taken in the selection of these officers and they are not only 
efficient but able and willing to devote the time required for arranging 
and advertising the institute, it is very seldom that the meetings are 
not successful. 


WOMEN’S CONGRESSES. 


For nearly all of the county institutes held in the Lower Peninsula 
a woman speaker was furnished and in 538 counties a special women’s 
congress was arranged. In several of the counties forenoon as well 
as afternoon sessions were held. A standard form of program was pre- 
pared and was used at practically all of the meetings. For the afternoon 
session the state speaker was generally assigned the topic, “The Use 
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of Eggs in the Diet.” The lecturer took up not only the different methods 
of preparing eggs but also gave especial attention to the consideration 
of the food value of eggs. Although it was in a measure incidental, 
the food value of milk in the diet was also considered in connection 
with the use of milk and eggs in certain dishes. The lecturers were 
furnished with mimeograph outlines giving directions for the prepara- 
tion of eggs in various ways; and also for the preservation of eggs. 
These outlines were supplied to those in attendance at the meetings. 

The topic most generally used by the local speakers at the afternoon 
sessions of the women’s congresses was, “The Selection and Care of 
Household Utensils.” The choice of topics was generally very satis- 
factory and the ladies to whom the topic was assigned at the various 
institutes handled it very creditably. Many valuable suggestions and 
helpful ideas were brought out especially where they were able to secure 
exhibits of utensils not commonly found in farm homes. 


COOPERATING WITH COUNTY AGENTS. 


In the counties having county agricultural agents the locating and 
arranging of the institutes was left in their charge and, in most cases, 
the lecturers were the agents in neighboring counties, who had arranged 
for an exchange of services. Thus, the speakers at the one-day institutes 
in Van Buren county consisted of the county agents in Allegan, Berrien 
and Kalamazoo counties for each of whom the Van Buren county agent 
attended an equal number of institutes. In addition to a considerable 
saving in the cost of holding the institutes this system of exchanging 
speakers has many valuable features. We feel however that when a 
dozen or more institutes are held in a county it is asking too much of 
a county agent to attend these meetings and an equal number in other 
counties, especially when a number of extension schools are held. Not 
only does it interfere seriously with the regular work of the county 
agent to be called upon to devote five or six weeks during the winter 
to attending institutes and similar meetings, but he is not able to 
give the necessary attention to arranging for and advertising the in- 
stitute meetings in his own county. This is shown by the appended 
table of statistics giving the attendance at the meetings in the different 
counties, since the number present at the one-day institutes in 1916-17 
in the counties which do not have a county institute showed a con- 
siderable increase over the average for the previous five years. On the 
other hand, the attendance at the one-day institutes in counties having 
an agricultural agent shows a marked decrease in the average attendance 
per session. 

In the Upper Peninsula the direction of the institutes has been in 
charge of Mr. J. Wade Weston, Assistant Leader of Farm Agents for 
that section, and the meetings have been carried on by Mr. Weston and 
the county agents through exchanges similar to those made use of in the 
Lower Peninsula. The attendance reported is not an accurate index 
of the interest and attendance, since instead of there being only one 
session at most places as is shown by the attendance reported, the re- 
mainder of the day was spent in giving-demonstrations of various kinds, 
and the attendance at these sessions is not reported, being counted as 
county agent work. 
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JUNIOR FARMERS’ INSTITUTES. 


For several years several counties have held special meetings for the 
boys, as separate sessions of the county institutes. These have generally 
been in connection with Boys’ Corn Clubs, and in addition to a pro- 
gram furnished by the boys, the exhibition of the products grown by 
the members has been a prominent feature of the meeting. 

During the past year, in cooperation with the Department of Boys’ 
and Girls’ Club Work, a special Junior Institute was held at Croswell. 
The institute was conducted by Mr. 8. C. Robinson, of the institute 
lecture force, with the assistance of Mr. C. A. Spaulding, Assistant 
Leader of Boys’ Club Work, and Miss Anna B. Cowles, Assistant Leader 
of Girls’ Clubs. The local arrangements were in charge of Supt. Powers 
and Principal Raven of the Croswell schools, under the general direction 
of County Commissioner of Schools, W. J. Musselman. 

Not only was there a large attendance of the older pupils from the 
Croswell and neighboring rural schools, but teachers and pupils were 
in attendance from Brown City, Carsonville and other points in the 
county. 

In addition to addresses by the State Speakers mentioned, several 
pupils furnished a symposium upon “Legumes,” and various topics were 
presented by several rural teachers. Separate sessions for the boys and 
girls were held on one afternoon, at which Mr. Spaulding and Miss 
Cowles discussed respectively, “Club Work for Boys” and “Sewing 
Club Work for Girls.” Among the special features was a demonstra- 
tion of the preparation of a hot school lunch, at noon of the first day. 
A demonstration of group games during the forenoon of the second 
day, and an exhibition of moving pictures, showing Boys’ and Girls’ 
Club Prize Winners visiting Washington, D. C 

As indicating the scope of the work, the following are the topics dis- 
cussed by the conductor of the institute, Mr. Robinson: “Influence 
of Pure Seed upon Crop Production ;” “Results with Legumes in Michi- 
gan;” “Essential Points in Judging Live Stock,’ and an evening ad- 
dress upon “Wealth from Waste.” Among the other topics presented 
were, “Agriculture from the Rural Teacher’s Standpoint;” “Community 
Work in the Rural School;” “High School Extension Work ;” “Teaching 
Agriculture in the High School from the Farmers’ Standpoint” and 
“Teaching Agriculture in the High School from the Standpoint of a 
Business Man.” 

The interest and attendance were maintained throughout the five ses- 
sions as will be seen by referring to the report of the attendance, which 
amounted to 2,150 for the five sessions, with 525 present at the closing 
session. Among the results of the institute has been a marked change 
in the feeling of the farmers towards the agricultural department in 
the high school, greater attention to Boys’ and Girls’ Clubs on the part 
of both pupils and parents, and better work in the classes in agriculture. 


FARMERS’ WEEK. 


At the close of the regular institutes, the usual Farmers’ Week exer- 
cises were given at the Agricultural College. Instead, however, of 
having seven or eight courses running through the entire week, Monday 
afternoon and Tuesday were given up largely to lectures and demonstra- 
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tions on Soils and Crops; Wednesday was Dairy Day; Thursday was 
for the most part devoted to Animal Husbandry and Friday to Horti- 
culture, with a special Potato section. A course in Poultry Raising was 
carried on throughout the week by the members of the department 
assisted by Mr. W. H. Card, of Connecticut. There was also a course 
in Home Economics carried on through four days, with a special Women’s 
Congress on two afternoons. “ 

Among the speakers, in addition to those connected with the various 
departments of the College were, Professor A. R. Whitson, of the Uni- 
versity of Wisconsin, who gave two lectures on “Soils ;” Prof. M. L. Fisher, 
of Purdue University, who spoke on “Farm Crops;” Prof. J. G. Fuller, 
of the University of Wisconsin, on “Animal Husbandry;” Prof. S. A. 
Beach, of the Iowa Agricultural College, on “Horticulture ;” Prof. Isabel 
Bevier, of the University of Illinois, on “Home Economics ;” Dr. Dorothy 
Mandenhall, of the University of Wisconsin, on “Child Welfare.” 

The evening programs were furnished by Gilbert McClurg, who gave 
an illustrated lecture, with moving pictures, entitled, “To the Shining 
Mountains and the Sunset Sea;” Samuel H. Ranck, of Grand Rapids, on 
“Rural Traveling Libraries,” and Chas. W. Farr, of Chicago, who spoke 
on “Farm Life and the Children.” One of the features of the week was 
the address by Dr. R. M. Wenley, of the University of Michigan, on 
“The Human Element,” which was in the regular course of the Liberal 
Arts Union. 

On Thursday evening the program was furnished by the M. A. C 
Dramatic Club, which under the direction of Professor E. 8. King, pre- 
sented the play “Back to the Farm.” This play was prepared and printed 
under the auspices of the Extension Department of the University of 
Minnesota which very kindly allowed its presentation without the usual 
royalty and other charges. The play brought out a crowd which filled 
the College Armory to overflowing, and every one was more than pleased 
both with the play itself and its presentation. 

The music for the week was of the usual high order and was supplied 
by various college musical organizations, under the direction of Pro- 
fessor Abel and Miss Freyhofer. The College Band, Girls’ Glee Club, 
Mens’ Glee Club, and various soloists were on the program. 


ACKNOWLEDGMENTS. 


In addition to those mentioned as taking part in the exercises of 
Farmers’ Week, most of whom gave their services without pay, the 
work of the institutes was materially aided by the cooperation of various 
State departments and associations. “The State Highway Department 
and the State Live Stock Sanitary Commission furnished speakers for a 
large number of meetings for which addresses in their respective lines 
were requested. The State Normal Schools and the Michigan Milk Pro- 
ducers Association also aided in the same way. 

Among the business organizations which assisted in carrying on the 
institutes were the American Portland Cement Association and the 
Kentucky Tobacco Product Company, both of which supplied one of 
their experts for nearly a month entirely free of charge. The lecturers 
‘ jn no way attempted to advertise the goods of the companies represented 
by them, but they merely pointed out methods of using them. by which 
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the best results can be obtained. The work done by the representatives 
was unusually satisfactory. 


CONCLUSION. 


The past year has demonstrated more fully than ever before that there 
is a place for the Farmers’ Institutes as a part of the extension work 
of the college. Not only do they reach a class of farmers who cannot 
be reached by other lines, but they are the ones who most need its help. 
The farmers feel a personal interest in the institutes, and at these meet- 
ings not only obtain knowledge which they need in their daily work, 
but they gather inspiration which makes them better farmers and better 
citizens. 

Respectfully submitted, 
LRAT, 
Superintendent of Farmers’ Institutes. 
East Lansing, Mich., June 30, 1917. 
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REPORT OF THE DEAN OF ENGINEERING. 


Dr. F. S. Kedzie, President, Michigan Agricultural College. 
Dear Sir—This communication is my tenth annual report as Dean of 
Engineering. 


NEW BUILDINGS. 


The fiscal year just closed has been marked by the construction of the 
new engineering buildings to replace those destroyed by fire on March 5, 
1916, as recounted in my last report. 

Owing to general labor conditions the buildings were not finished until 
many months after the contract time but arrangements were made for 
partial occupancy and by the opening of the spring term practically 
all of the engineering work of the division was cared for in the new 
quarters. 

Appended to this report are plans of the several buildings, as per fol- 
lowing: ; 
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PLATE 5.—THIRD FLOOR PLAN OF THE R. E. OLDS HALL OF ENGINEERING. 
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PLATE 6.—FOURTH FLOOR PLAN OF THE R. E. OLDS HALL OF ENGINEERING. 
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On June 1, 1917, the afternoon of Commencement Day the new build- 
ings were dedicated by exercises held in the Engineering Assembly Room 
of The R. E. Olds Hall of Engineering, according to the following pro- 
eram: 

D> 


Presentation of the Key of the R. E. Olds Hall of En- 


UTHER eee ets eat Miagdc ok ON okt sa ok Mr. Ransom E. Olds 
A CORRE AMEE? re", 5 2S Gn-cein ue eee he shes Dean George W. Bissell. 
Greetings : 


On Behalf of the Division of Agriculture. .Dean Robert S. Shaw. 
On Behalf of the Division of Home Economics.............. 
Dean Georgia L. White. 


On Behalf of the Division of Home Economies .............. 
Mr. Lowell O. Stewart, 717. —- 


Qn Behalf of the Engineering Alumni. .222...2. ....2..8 eee 
Mr. Philip B. Woodworth, ’86. 


*Presentation of Portrait of Mr. Ransom, E. Olds .......... 
Mr. William K. Prudden, ’78. 


WCCEPTAl Cer hata cee ees ee nals oe President Frank 8. Kedzie. 


A few days later a bronze dedicatory tablet was placed in the main 
entrance of The R. E. Olds Hall of Engineering. It contains the follow- 
ing inscription: 


1917 
THE R. E. OLDS HALL OF ENGINEERING 
ERECTED ON THE FOUNDATIONS OF A 
SIMILAR BUILDING WHICH TOGETHER WITH 
THE COLLEGE SHOPS, BURNED WITH ALMOST 
TOTAL LOSS OF STRUCTURES AND CONTENTS 
MARCH 5, 1916. 


The portrait of Mr. Olds has been permanently hung in my office. 


New HLquipment. In addition to the new buildings considerable new 
equipment has been purchased and installed and approriations for the 
coming year have been made for continuing the replacement of the losses 
from the fire. This work is necessarily slow on account of high prices, 
slow deliveries and the necessity of recognizing the other interests of 
the whole College which we gladly do, appreciating the sacrifices which 


*Painted by Mr. J. H. D. Ferguson. 
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have been made that engineering might be reinvested with facilities for 
work at the earliest practical moment. 

Organization. The departments and department heads for the past 
year are as follows: 


Civils nemecrimee se. -cetyoe aoe pr tas s « H. K. Vedder 
Grea wane cmd Westen eee scr oaess oye acai = Rk. K. Steward 
Hieetrical, Pnoineerin® 52) chee. fe see ...A. R. Sawyer 
Mecharical’ Wire tmeGr ers 4/2 cancers le wlatsss che niet cae J. A. Polson 


The work in machine design, formerly administered by the Depart- 
ment of Mechanical Engineering has been this year handled by the De- 
partment of Drawing and Design and as a result of this experience the 
arrangement has been made permanent. 

The Department of Mechanical Engineering has taken charge of the 
shop work in wood and iron for the agricultural students. 

Personnel. The teaching staff is composed of the Dean of Engineering, 
four professors, two associate professors, five assistant professors and 
twenty-two instructors, a total of thirty-four persons. 

In addition, one laboratory engineer, one mechanician, two clerks and 
three janitors are employed, making a total personnel of forty-one. 

Students. The enrollment for the year is as follows: 


SAW LOUSS as, Ares Sak haar Rea nates Roan oe chines she 68 
SU SIRAOES Oot ays wee ee hale, incon e ee, We reeds ace tke sees ate Serer CE 
SOPH OMOLES x's Secite oak oer tad ed ae ee asa alana ae 88 
EPPOSTITR Mika Siscwene eo odees eh ee hs Sete ae toa sat habe wines 127 
UEC inane, aes ae Sects Re ae. ee ee ee im Son 

CTO eR Septet a tas torch eee toe aS) och ee oe Sommers Gas 384 


Sixty-two were graduated on Commencement Day. 


Appreciation. For myself and for the members of my staff I record 
sincere appreciation of the courtesies extended by the other college de- 
partments in the way of office and teaching space during our recon- 
struction period, particularly to those who gave up comfortable offices 
in Agricultural Hall for our convenience. We hope to be able to re- 
ciprocate in measure but not in kind, mleatne, not because of a calamity 
such as befell us in the fire. 

Prospects. The effect of the war on teat education in this country 
cannot be predicted, but I believe that every reasonable effort should 
be made to interest and secure young men, not called to the colors, 
in the idea and for the ideal of better training for tisefulness—in the 
war if it be lasting, but in any event in the post-war time when industrial 
readjustment the world over will demand intelligent, energetic and 
enthusiastic young men in large numbers. 

Respectfully submitted, 
G. W. BISSELL, 

East Lansing, Mich., June 30, 1917 Dean of Engineering. 
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REPORT OF THE DEPARTMENT OF MECHANICAL 
ENGINEERING. 


Dr. F. 8. Kedzie, President, Michigan Agricultural College. 


Dear Sir—I am submitting herewith my report for the year ending 
June 30, 1917. 


I wish at this time to record my appreciation of the rapid reconstruc- 
tion of the engineering buildings lost by fire March 5, 1916. I am sure 
that we all appreciate the fact that so far as buildings are concerned 
we now have permanent structures. The three shop buildings that are 
under my supervision are among the best of their kind, and compare 
extremely well with similar shops at other institutions. 

The equipment lost has been partially restored, and I hope we may 
be able to add more from time to time. We are most deficient in 
equipment in the machine shop. Several of the largest and best pieces 
of machinery were ruined beyond repair and have not been replaced due 
to lack of funds, so that we are seriously handicapped in this particular 
shop. In the wood shop and forge shop the equipment is practically 
complete and of sufficient amount to give instruction to all students . 
taking such courses. In the foundry it would be desirable to add more 
equipment as soon as possible. 

In the mechanical engineering laboratory we were fortunate in recover- 
ing all large pieces of machinery. These have been put into running 
order and seem as good as ever. The most notable change in refitting 
the laboratory was made in the piping arrangement; as far as possible 
all piping was placed below the basement floor. This adds a great deal 
to the appearance of the laboratory in giving clear head room. 

The large fan used for ventilating the building is now placed in the 
laboratory, where it will be arranged for testing under regular running 
conditions. The elevator and elevator engine are also placed in the 
laboratory. 

Due to the unsettled conditions it was extremely difficult to carry 
on the work of instruction in shops and laboratory. The senior class 
was the greatest sufferer in this respect. The apparatus and equipment 
required for senior instruction was the most difficult to get ready. ~I feel 
very grateful for the attitude shown by the students who bore the mis- 
fortune without comment. 

The personnel of the department for the year was as follows: 


J. A. Polson, Professor of Mechanical Engineering. 

L. N. Field, Assistant Professor of Mechanical Engineering. 
W. E. Reuling, Assistant Professor of Mechanical Engineering. 
J. L. Morse, Instructor in Mechanical Engineering. 

R. H. Bush, Instructor in Mechanical Engineering. 

A. P. Krentel, Foreman of Wood Shop. 

G. H. Peters, Instructor in Wood Shop. 

Eugene Wood, Instructor in Wood Shop. 

L. P. Hopphan, Instructor in Wood Shop. 


E. 
R. 
E 


DEPARTMENT REPORTS. 


A. Evans, Foreman in Machine Shop. 
G. Bigelow, Instructor in Machine Shop. 
. T. Crossman, Assistant in Machine Shop. 


J. A. Eicher, Foreman -in Foundry. 

John Grennan, Foreman in Forge Shop. 
Andrew Watt, Instructor in Forge Shop. 
E. C. Crawford, Laboratory Engineer. 
J. Hineline, Laboratory Engineer. 


109 


The class work given by members of the department is tabulated as 


follows: 


TABLET. 


Class Work of Depariment of Mechanical Engineering, Fall Term 1916. 


Class. Subject. 
Freshmen....| Woodshop.............. 
Sophomores..} Forge Shop............. 
Juniors...... Borge SROP en shee ae 
Seniors. ..... Forge Shop............. 
Sophomores OUT OTY i cpcic® acrctelacteere 
Juniors...... Woundryicte ote corse see 
Seniors...... Wounidiry® vas te spaisads 
Juniors...... Machine Shop.......... 
Special...... Machine Shop.......... 

eniors...... Machine Shop.......... 
Sophomores. .| Machine Design......... 
Juniors...... Machine Design......... 
Seniocrs...... Gas Power Engineering... 
Juniors...... Metallurgy............. 
Seniors...... Engineering Laboratory. . 
Seniors. ..... Heating and Ventilation. . 
MIOTS> <2. - Costs, Accounting, ete... . 
Freshmen Farm Mechanics........ 
Freshmen Farm Mechanics........ 
Sophomores..| Farm Mechanics........ 
Juniors...... Farm Mechanics........ 
Seniors. ..... Farm Mechanics........ 
Specials... .. Farm Mechanics........ 


Hours per 

pes b Teacher. week each 
F student. 
Mr, Krentel, Mr. Peters......... 

2a..... { Mrs Wobd) i226 sce .cbeasee.t } 6 
=f a ee Mr. Grennan, Mr. Watt............ 3 
2a7 oS: Mr. Grennan, Mr. Watt............ 3 
BAase. Mr. Grennan, Mr. Watt............ 3 
| Rg Nir sicher set bien niccaniee 3 
vee Mreincher sere cnetricon ce ees 3 
Aer a MrsWichery ste at ccrcletencus tiers tise 3 
Qk x Mr. Evans, Mr. Rigelow........... 6 
hee ee Mr. Evans, Mr. Bigelow........... 6 
DD ee Mr. Evans, Mr. Bigelow........... 6 
Boden Prof. Field, Mr. Morse............. 6 
Goan Profs Wield; Mr:Morse! 252). 605 002 - 6 
Ben fy Prof. Polson, Prof. Reuling......... 3 
lla. Prof. Field, Mr. Morse............. 2 
13c. Prof. Polson, Prof. Reuling......... 4 
18a. Prof. Bissell, Prof. Reuling......... 3 
18c. Profs Bissell go: sis ccisnneteata als geese 2 
1 ee Mr. Krentel, Mr. Peters, Mr. Wood.. 6 
Dia oats Mr. Grennan, Mr. Watt............ 6 
Ii es = Mr. Grennan, Mr. Watt............ 6 
Qe past Mr. Grennan, Mr. Watt............ 6 
Uae Mr. Grennan, Mr. Watt............ 6 
Pee Mr. Grennan, Mr, Watt............ 6 


- No. of 


students 
enrolled. 


Student 


hours per 


a 


week. 


780 


231 


4,274 
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TABLE II. 
Class Work of Depariment of Mechanical Engineering, Winter Term 1917. 
: Hours per} No. of Student 
Class. Subject. asee Teacher. week each | students | hours per 
0 student. | enrolled. week, 
Freshmen....| Woodshop.............. aa Mr. Krentel, Mr. Peters, Mr. Wood. . 6 112 672 
Freshmen....| Elements of Engineering..| 1...... ProfABisselliatty.ra 2h. t ocean wee ane 2 109 218 
Freshmen....| Forge Shop............. Blears Mr. Grennan, Mr. Watt............ 6 1 \ 
Sophomores. .| Forge Shop.,........... SD: Mr. Grennan, Mr. Watt............ 6 34 210 
Sophomores. .| Foundry...............- 4b-4e Mreiichenstee esas sire sree, cpa fee 6 30 
Juniors...... Moumdnys cic nis cre hoce 4b-4e MiraIBichertece occ acs totita cee 6 Y 192 
Sophomores. .| Kinematics............- Obese IM SSIVIOT Sc ktsic Arche tierce arenes erapavere cuales 6 19 9 
JUNIOTS: 7252s Kinematics? cerca eine 6bieeee MirMOrse torrie sictasiceiarcte ari ok 6 1 120 
Sophomores. .| Steam Engines & Boilers..| 7a..... Propenicld ser ama tact cereneene 3 6 
Juniors...... Steam Engines & Boilers..| 7a..... Prof, Field, Mr. Morse............. 3 58 192 
Sophomores. .| Machine Design......... Gdveeoe IMIPSMOTSE Satoserrers sais sacle nacmccres 3 2 7 
VOMLOIS ae eee Machine Design......... Gace se Mrs Morsebixe 220; totes artie 3 27 8 
UUDIONS sen Engineering Laboratory. .} 13a....| Prof. Reuling...................-. 4 65 260 
Sophomores. .| Machine Shop.......... Qieantee | Mr. Evans, Mr. Bigelow........... 6 3 
Juniors...... Machine Shop.......... Dry. 2% sc | Mr. Evans, Mr. Bigelow........... 6 61 504 
Seniors...... Machine Shop.......... 2i......| Mr. Evans, Mr. Bigelow........... 6 20 
Seniors. ..... Engineering Laboratory. .| 13d....| Prof. Polson, Prof. Reuling......... 8 3h 296 
Seniors. ..... Works Management.....| 5a..... Pro Polsontssa enantio 3 36 108 
Seniors. ..... | Steam Engine Design....| 8b..... ‘ProfsiBieldtkc etanc taarcctsdectiecs 8 24 192 
Seniors. ..... Power Station Design....} 18b....| Prof. Bissell, Prof. Field............ if 37 259 
Jr. Women...}| Woodwork............. 21a | Mr. Kreatel, Mr. Peters, Mr. Wood.. 1 9 36 
1 (EDS AR le ae Re, PE pied Raa 47 oe ayy dhe MRT PEE En | 693 3,346 
TABLE III. 
Class Work of Department of Mechanical Engineering, Spring Term 1917. 
; Nock : Hours per} No. of Student 
Class. Subject. eclieae Teacher, week each | students | hours per 
iE student, | enrolled. week, 
Freshmen....| Woodshop.............. Pl ieee Mr. Krentel, Mr. Peters, Mr. Wood. 6 83 498 
Sophomores. .| Forge Shop............. 3b-3c...| Mr. Grennan, Mr. Watt............ 6 27 186 
Juniors...... Forgeishop.)...-....00%. 3b-38c,..| Mr. Grennan, Mr. Watt............ 6 4 
Sophomores. .| Foundry............... 4b-40. 75 Mars Meher c.4 atasens see ete ersioieae 6 32 204 
Juniors...... OUT diky eave carrier oe db-4ere | Mra nichereee see meen cee nesce etre. 6 2 
Sophomores..} Machine Shop.......... Disease Mr. Evans, Mr. Bigelow........... 6 8 210 
Juniors...... Machine Shop.......... OA rset Mr. Evans, Mr. Bigelow........... 6 rHe 
Juniors...... Thermodynamics........ 17a:. Prot. Bissell, Prof. Polson. Prof, Field. 4 65 296 
Seniors. ..... Thermodynamics........ 17a... Profs BiGld acs taiccmeo rane mavereee 4 9 
Juniors...... Engineering Laboratory..| 13b....| Prof. Polson, Prof. Reuling......... 4 66 268 
Seniors. ..... Engineering Laboratory. .| 13b....| Prof. Polson, Fref. Reuling......... 4 1 
Juniors...... Steam Engine Design....| 8a..... Prof. Field, Mr. Morse............- 4 25 112 
Senicrs.....: Steam Engine Design....! 8a..... Prof. Field, Mr. Morse............. 4 3 
Freshmen. . Mechanical Drawing.....| 3a..... Mrs MOrstias cctonrineeten ss com aite 10 21 210 
Seniors...... Aptiad DYE iG ao aencoe oomot Gels, PLOke HCI Sates stare tecture acer ahe eyecare 6 22 132 
Seniors...... THESIS Ths faprciere oie ake 19a. Prof. Polsoa, Prof. Field............ 20 17 340 
Freshmen....| Farm Mechanics........ D axenic Mr. Grenoan, Mr. Watt............ 6 79 
Sophomores. .| Farm Mechanics........ Dee cate. Mr. Grennan, Mr. Watt............ 6 2 492 
Juniors...... Farm Mechanies........ Danae ss Mr. Grennan, Mr. Watt............ 6 if 
Freshmen....| Farm Mechanics........ tae Mr. Krentel, Mr. Peters, Mr. Wood.. 6 65 390 
Jr. Women...| Woodwork.............. 21b. Mr. Krentel, Mr. Peters, Mr. Wood.. 4 7 28 
Ne): Ge ee Ss tee mers Ie tena l riamis AES ana aryiri97 cidicG SOOO ORE DG (Omc..0.9 Oey 566 3,366 
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At the beginning of the school year the work of instruction in Farm 
Mechanics 1 and 2 (wood work and forge work) was transferred to 
this department. 

During the year the department has received many favors from several 
Lansing manufacturers, especially the Reo Motor Car Co., The Reliance 
Engineering Co., Bates & Edmonds Motor Co., and others. Some com- 
panies loaned us equipment and others gave us castings. 

Everyone connected with the department appreciates to the fullest 
extent all that has been done during the past year, and in no way do 
I wish to give voice to anything of a different nature. So far as build- 
ings are concerned the department is fully provided for, but when it 
comes to equipment there is still a great deal to desire. I realize as 
well as anyone that we cannot have all we desire now or in the near 
future, and perhaps never. In the eleven years that I have been con- 
nected with this department we have never had anywhere near what 
was urgently needed along the line of equipment. 

Mechanical engineering is a profession that is built up by combining 
theory and practice. These are so closely connected that nothing real 
can be accomplished by either alone. In the final application of en- 
gineering theory to any actual problem we find that every formula con- 
tains one or more experimental or practical constants, which means that 
not a single piece of apparatus or machine can be built unless you have 
secured experimental data. In the ordinary, everyday class of work 
practically all necessary data have been secured and are easily available. 
But we have by no means reached the end. New conditions, new material, 
new designs are constantly being developed, hence the need for experi- 
mental work continues. 

Great importance must therefore be attached to equipment necessary 
in the mechanical engineering laboratory. 

In the hope that I may impress upon you the urgent necessity of 
increasing our equipment at the very earliest time, I am submitting here- 
with a general outline of our requirements: 


MECHANICAL ENGINEERING LABORATORY. | 


1. Two 35 or 40 H. P., cradle, electric dynamometers. I consider this 
the most important item of all for the coming year. This testing set 
can be used for testing all kinds of power transmission, as, for example, 
belt testing, the testing of gear drives and friction drives, determining 
the efficiency of universal couplings, and almost an unlimited amount 
of transmission apparatus. 

II. Inasmuch as Michigan manufactures more automobiles than any 
other state in the Union, I believe it our duty to offer instruction in 
some phase of automobile engineering. The most important phase of 
automobile engineering would involve equipment for testing engines. 
The same equipment could be used for testing aeroplane engines, marine 
engines or high speed engines for any purpose. The trend of automobile 
and aeroplane engines is to increase the speed and power. The equip- 
ment necessary for this work would be an automobile engine testing 
outfit that would have a capacity of at least 150 H. P. at 4,000 revolutions. 

III. The importance of oil engines need not be emphasized. Every- 
body knows that gasoline engines and internal combustion engines in 
general are playing a very important part in the World War. Due to 
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the high price of gasoline, manufacturers of every type of engine are 
endeavoring to find means for using kerosene or even less refined oil. 
For that reason it is desirable to have a good type of crude oil engine 
in the laboratory. 

IV. In power plant work we find that the steam turbine has come 
to the front with enormous strides. Steam turbines are now being built 
up to 35,000 kilowatts (50, 000 H. P.) in one unit. The turbine that we in- 
stalled a short time ago is an excellent piece of apparatus to bring out 
the behavior of a steam turbine. In order that this may be better 
brought out it is desirable to install a superheater so that steam may 
be supplied with predetermined amounts of superheat in order that the 
efficiency may be determined under the various conditions. The modern 
steam turbine as now installed in power plants could not approach its 
present performance without the use of superheat. 

V. One of the discouraging things to teachers of mechanical en- 
gineering is the fact that there is practically no opportunity for them 
to carry on advanced experimental or research work. We have nothing 
that compares with the research work carried on by the agricultural 
experiment stations. The benefits to the community would be just as 
great. There are many lines of investigation possible. I will mention 
only one that presents itself very strongly at this ime; namely, the 
fuel problem. 

There are two distinct phases of this problem, Heat just now being 
influenced by the high cost of coal. From the standpoint of the power 
plant operator it will be necessary to improve the combustion end of 
his apparatus before any marked gain can.be made in economy. From 
the standpoint of domestic heating it will be necessary to increase the 
efficiency of our heating units in order to lessen the cost of heating. 
Increased efficiency in the above lines will save money for the people of 
the state and conserve our fuel supply. 

Experimental work should be undertaken at once to increase the use 
of Michigan coal. If means were available for burning Michigan coal, 
it would mean a great deal to the people of the state. 

Work of this kind would be of a very stimulating nature for the 
teachers in the department. 


SHOPS. 


The position that should be taken by the college shop is considered rather 
a mooted one by some authorities. It is a fact that many college shops 
do not give instruction and work comparable to a good manual training 
or trade school. The manual training schools and trade schools have 
attacked the problem from a little different view point than the colleges. 
A large number of their students do not expect to go to college, but 
they learn as much of a trade as they can and then enter the shop or 
factory to put it into practice, and the better schools come very close to 
meeting this requirement. Inasmuch as the colleges and universities 
do not expect their graduates to become mechanics, but engineers, you . 
can see how shop work has been neglected. A certain amount of shop 
work is essential so that students in engineering may understand the 
processes that are used in various manufactures. 

The important thing today, to my mind, seems to be the teaching 
of management and methods of reducing cost of production in addition 
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to the training given by the use of tools and machinery. For that 
reason I consider the most important problem that we have in con- 
nection with the shops is to develop the system of management that 
I have referred to from time to time. Briefly, this system would involve 
the installation of whatever means will be necessary to carry on the 
work of the four shops on a businesslike basis. I believe the best way 
to tackle this problem is to conduct the shops as nearly like a manu- 
facturing plant as is consistent with conditions. My idea would be 
to have all underclassmen carry on their work as outlined by the system 
that would be installed. Proper orders should be issued for the pro- 
duction of patterns, castings and machine work. Records should show 
the amount of time used by the student to do his work, the work should 
be inspected and passed upon finally by some instructor in charge, and 
the final results should be known, i. e., how many pieces are spoiled 
and lost from various reasons. The underclassmen would ‘carry on 
the work under this system without knowing how the system was run. 
They would simply follow instructions given them. In the senior year 
a large portion of the time assigned to mechanical engineers would be 
devoted to helping carry on the system. In that way they would become 
familiar with the working of the system from both sides, i. e., they 
would know how it works out by having worked under it as underclass- 
men, and they would know how the system was conducted and carried 
on by helping to do so in the senior year. 

The development of a- system of this kind must necessarily be slow. 
At the University of Illinois, where funds were unlimited, Professor 
©. R. Richards told me that it had taken them four years. In various 
factories where the Taylor system and other systems have been installed 
’ in actual cases the time runs from three to five years. 

It is difficult to impress upon the average man the vast importance 
of proper shop management and how it will bring about increased pro- 
duction and decreased cost. 

Many college men do not like to take up the shop end of engineering 
work when they leave college, but the shop end offers more opportunities 
for advancement and compensation than the engineering office in a 
manufacturing establishment. Many of our recent graduates have gone 
directly into the shop in production work. With proper training in 
shop management given them in our shops many more would take up 
this line of work. 


PATTERN SHOP. 


The equipment in the pattern shop is fairly complete. We need a 
surfacer, a power mortiser, a swing saw and a dust collecting system. 

It would be very desirable to give advanced work in pattern making, 
especially in metal patterns. Metal patterns are made largely of brass 
and aluminum. Due to the high price of these metals it is out of the 
question with our limited funds. 


FORGE SHOP. 


So far as the requirements for regular class work are concerned, the 
equipment is complete. However, it is extremely desirable to emphasize 
manufacturing forging methods. It is probably out of the question to 

15 


114 STATE BOARD OF AGRICULTURE. 


do anything along the line of drop forging, but it would be entirely 
practical to do machine forging. 

To mention only one line of work that might be done, we have a great 
deal of iron and steel scrap in short rods that accumulates from various 
sources. These scrap rods could be worked up into forged bolts and 
nuts. There is enough scrap available to supply all bolts and nuts 
used by the shops and power plant. This machine would give 
the students experience in setting up and operating on a production basis, 
also give the opportunity to make and try out various forms of dies. 
This would give them a chance to see that the dies were properly harden- 
ed. Ifa die would stand up in actual service, everyone would feel that 
it was properly made. 


MACHINE SHOP. 


Modern machine tools are now made as largely automatic as possible. 
There are several reasons for the introduction of automatic machinery 
in modern shops. An automatic machine will do its work without the 
human element. Automatic machines are set up by machine setters, 
and all that is necessary of the operator is to supply more stock. Auto- 
matic machinery is typical of the highest class of machine tool design. 
The skill of the designer is transferred to the machine. Automatic ma- 
chinery can be run by unskilled labor, which is more plentiful and less 
costly than skilled labor. 

We have no type of automatic machine in our machine shop; it 
would, therefore, be extremely desirable to install an automatic turret 
lathe. It would bring out the points mentioned above; it would give 
the student the opportunity of setting up this machine for doing whatever 
work was at hand. The bolts and nuts made by the forge shop would 
be threaded on this machine. The student would get the benefit of 
setting up this machine for threading any particular size of bolt or nut 
that would be required, and his experience in setting up would be had 
even if he made only a dozen bolts. The various cams and other auto- 
matic features of the machine would in that way be brought directly to 
the student’s attention, and the experience is very desirable. 

I do not agree with the idea that the automatic machine is unde- 
sirable because it is suitable only for devouring stock. As actually 
used in the factory that is what the machine is for. It is run by un- 
skilled labor, and the quantities produced on the machine at one setting 
vary from 5,000 to 100,000 or more, as, for example, machines used in 
the Michigan Screw Company. They are set up only when a large order 
is required, and then run continuously night and day until that order 
is filled. Of course it would not be desirable to use the machine in our 
shop in that way, and that is why I say that the student would get 
the benefit of setting up the machine and operating it even if he pro- 
duced only a dozen pieces. The next student that came along would be 
given the job of setting up the machine for a different type of piece, 
and in that way get his experience in setting up and operating. 

A universal tool grinder is urgently needed in order that advanced tool 
making may be given. We also need a vertical boring mill, a universal 
milling machine, a small punch press and a number of small hand tools. 
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FOUNDRY. 


In the foundry we need equipment for studying the technical side 
of metal founding. Equipment is necessary for testing molding sand, 
core sand and core mixtures, and for studying the behavior of the cupola 
and method of control. <A sand blast is necessary for cleaning castings, 
a furnace for melting brass and aluminum and instruments for tem- 
perature control. In order to teach manufacturing methods it is de- 
sirable to have several types of molding machines. 

This by no means exhausts the list of desirable apparatus, but I 
sincerely hope that means may be found to increase the equipment and 
apparatus to a point where they will compare favorably with the excellent 
buildings. 

Yours truly, 
J. A. POLSON, 
Professor of Mechanical Engineering. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF CIVIL ENGINEERING. 


President F. 8S. Kedzie, 


Dear Sir—A record of departmental activities for the year 1916-1917 is 
herewith presented. This period constitutes the first full college year 
since the destructive fire of 1916, the effects of which have been op- 
pressively apparent in our lack of equipment necessary for the most 
efficient results of our teaching. 

In some of our field and laboratory classes it has been necessary to 
substitute makeshift apparatus and in a few instances to materially 
change the character of the training attempted. It is to be hoped that 
our facilities may be substantially improved for the coming year. Of 
the most pressing importance in this line is the need of a hydraulic 
laboratory. Only slightly less necessary is additional instrumental equip- 
ment for surveying and for our Jaboratory which deals with the construc- 
tion, use and adjustment of precision instruments. A third necessity is 
proper provision for the storage of instrumental equipment. A room has 
been set apart in the new Engineering Building for this purpose, but as 
yet its furniture includes only a few shelves and temporary racks built 
by the instructors. 

The department continued to use office space and class rooms in the 
Agricultural Building until the opening of the spring term of 1917, 
when it became possible to occupy quarters in the new R. E. Olds Hall of 
Engineering. 

The department teaching staff shows only one change when compared 
with my report of last year. Mr. H. I. Davies declined a reappointment, 
and the position was filled by the engagement of Mr. H. M. Ward, an 
engineering graduate of M. A. C., class of 1913. All teachers in the 
department have given satisfactory service and in many cases have 
responded to unusual demands. The following list includes the names 
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of all who shared the year’s work, tabulated in the order of seniority of 
appointment : 


H. K. Vedder, C. E., Professor of Civil Engineering. 

C. A. Melick, D. C. E., Associate Professor of Civil Engineering. 
C. M. Cade, C. E., Assistant Professor of Civil Engineering. 

R. G. Saxton, C. E., Assistant Professor of Civil Engineering. 
W. W. Hitchcock, C. E., Instructor in Civil Engineering. 

B. K. Philp, C. E., Instructor in Civil Engineering. 

H. A. Gehring, C. E., Assistant Professor of Civil Engineering. 
H. M. Ward, B. S., Instructor in Civil Engineering. 


The tabulation below exhibits in convenient form for reference the 
data of class attendance in the department during the year. The direction 
of classes is here shown according to the assignments as made at the 
beginning of the several terms. On account of illness among the teachers 
there were numerous disarrangements of the scheduled plan, and sey- 
eral instructors undertook much more than their allotment of class work 
for considerable periods. 1 may note that sickness kept me from the 
class room a week, the only case in which an absence of such duration 
has been chargeable to my account in my twenty-six years of service 
at this college. 
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CLASS WORK OF THE DEPARTMENT OF CIVIL ENGINEERING FOR THE COLLEGE 


Class. 


Summer Sch. 
1916 
(2 weeks) 
Juniors. .?. . 


Fall term. 
Sophomores. 
Sophomores. 
Sophomores. 
Sophomores, 
Sophomores. 


Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 


Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 
Sophomores. 


Sophomores. 
Juniors..... 
Juniors. 
Juniors..... 
Juniors..... 


Seniors..... 
Seniors..... 


Seniors..... 
Seniors..... 
Seniors..... 


Seniors..... 


Seniors..... 
Seniors..... 


YEAR 1916-1917. 


: No. of 

Subject. eharecs Teacher. 
Forest Topography...... CB 2am Prof. Cadesemos neces sr ciee 
Surveying (class)........ Ci sige |PProt, oaxtons)aeercibice seine 
Surveying (class)........ Cis das | GerofaGenring. petite nee 
Surveying (class)........ (Chen las || Mires Wianaee ace etree 
Surveying (class)........ CBee Mr. Warde jens sce cee onrete 
Surveying (class)........ Gen Sta a Ming Wand eeoniote coerce sae 
Surveying (class)........ C.E. 1a.| Mr. Hitchcock. ............. 
Surveying (class)........ Cue laall Mrbirtcheock: a. sam se sxcleate 
Surveying (class)........ @B! ta.| Mr) Hitchcock. 22.2.2... 2... 
Surveying (field)........| C.E. 1a.| Mr. Hitchcock, Mr. Philp... .. 
Surveying (field)........| C.E. la.| Mr. Hitchcock, Mr. Philp.... 
Surveying (field)........| C.E. la. 
Surveying (field) C.E. 1a. 
Surveying (field) C.E. 1a. 
Surveying (field). . .| C.E. 1a. 
Surveying (field) C.E. la. 
Sunveyrng (feld)c sersse| |} Cbd any Mra Wardeee esses cc seen 
Mechanics...... \WCsR 48a! SProtGehnring sy seyee csr: 
Mechanics. . C.E. 4a.| Prof. Melick... . 
Mechanics. . LC LB wae Werotuaxtona ese e ame oe 
Mechanics.............. CuBrcAaeielVinvs Philp segustctercec levee aera cats 
Mechanics ea) vcr ase C.E. 4a.| Mr. Philp........ 
Mechanics) 3. 2.5 ...5..-~ C.E. 4a.| Mr. Hitchcock. ... 
Ady. Surveying (class)...| C.E. 6..| Prof. Melick.......... See 
Adv. Surveying (class)...| C.E. 6..| Prof. Melick................ 
Adv. Surveying (class)...| C.E. 6..| Mr. Philp.........+........ 
Adv. Surveying (class)...| C.E. 6..| Mr. Hitchcock. ............. 
Adv. Surveying (field)... .| C.E. 6..| Pref. Cade, Mr. Hitchcock... 
Adv. Surveying (field)....| C.E. 6..| Prof. Melick, Prof. Cade..... 
Adv. Surveying (field)....| C.E. 6..| Prot. Melick, Prof. Cade..... 
Adv. Surveying (field)....| C.E. 6..| Mr. Philp.................. 
Survey’g Methods (class).| C.E. 2..| Prof. Cade.................. 
Survey’g Methods (field) .| C.E. 2..| Prof. Cade.................. 
Graphic Statics......... ClE 4d: \Prof., Melick ee oo. cane ae 
Graphic Statics......... C.E. 4d.) Prof. Melick................ 
Etvidanheshe tes seeee eo We booe el br Ori SaxtOnls sears asec ase 
Hivdrauliess'.: 1.2. sos.) Gibsbss | Prof Gehrineiess. 4-2 + sneoe 
Hydraulics. s.ciseiee ccc: Cig ya |perot maxtcnen mle scene 
ydrauliess:. 025m ees Cbs ai brok, Gehring ete oe 2 ete na 
Hydraulic Laboratory....| C.E. 5a.| Prof. Saxton...............- 
Hydraulic Laboratory....| C.E. 5a.| Prof. Saxton................ 
Hydraulic Laboratory....| C.E. 5a.| Prot. Gehring............... 
Hydraulic Laboratory....| C.E. 5a.|} Prof. Gehring............... 
Higher Survey (class)....| C.E. 6b.} Prof. Vedder................ 
Higher Survey (class)....| C.E. 6b.| Prof. Vedder................ 
Higher Survey (field). ...| C.E. 6b.| Prof. Vedder, Prof. Cade..... 
Higher Survey (field)....| C.E. 6b.| Prof. Vedder, Prof. Cade..... 
Bridge Stresses.......... Ces Sanaa dite Vedder eee ae 
Pridge Stresses.......... C.E. 8a 


Hh ELOk Vedder man nity ss hos 


Class room. 


14 miles n. w. 
of Cadillae 
Michigan, 


206 A. H... 
2S y AHS 
Palej die lab y 
403 A> He. : 
Bot. Lec. R. 


No 


No. : 
Periods of | hours | students 


meeting. 


IO COND RRA NONI HHO NOOO PRAT CORON 


eS ROO NIN ws 


SCLWOD 


Low 


00 CO He 


a 
oo on 
eee 


5-8 Th 


Pe 


per 


week. 


50 


WOW SSP PRO HWW PRP RO WWW Ao NNNWNHNY NHWHNNNY NWNWwy 


in 
class. 
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WINTER TERM, 1917. 


No. No. 
Class. Subject. Ne, a Teacher. Class room. eyes ed Bias 

week. | class. 
Juniors.....| Mechanics.............. CiE AbyieMiewbhilpaarscerercsccecee. 208 A.H... 1 5 13 
Juniors..... Mechaniest) 4.52.5. coc Cav4b: | ProtiGadetasa...cscaeaces 40374 Soe 1] 5 10 
Juniors. .... Mechanies.............0. ChB 4b:|-ProfiSaxtonaceeece dete teee 403 A.H... 5 5 ll 
Juniors..... Mechanitssa. cect cee seen OH DE IM bey Atl dase ce dna tonea dae 20 Aes 5 5 10 
Juniors..... Mechanics..........:..- C.E. 4b.| Mr. Hitcheock.............. 311 A. H:.. 1 5 8 
Junicrs.....| Mechanics.............. C.E. 4b.| Mr. Hitcheock.............. 208 A. H... 5 5 12 
Juniors..... Topographic Mapping)... Dr6.- .| Mrs Wards. - oe 2. .c0 see ose Shop No. 1. 3,4 6 il 
Juniors..... Topographic: Mapping... .| Dr. 6)...|| Mr: Wardl)... «let. cs siecle e Shop No. 1. { i or an } 6 16 
Jun., Sen...| Agricultural Engineering..| C.F. 3..]} Prof. Vedder................ 207 A.H... ; 2 5 16 
Seniors.....] Bridge Anal. & Design. ..! C.E. 8b.} Prof. Melick, Mr. Philp...... Shop No. 1. 3, 4 8 28 
Seniors.....| Masonry & Arches....... (Gee 19s) Meroe Melicksees serene seretce 110A He ce 5 3 14 
Seniors..... Masonry & Arches....... Gab SOMlperotGehringees secretes DOT Ase e ee 1 3 13 
Seniors..... Masonry & Arches (Lab.)} ©. E. 9.| Pref. Melick, Prof. Gehring...| Shop No. 1.} 7, 8, T.Th 4 14 
Seniors.....| Masonry & Arches was) C.E. 9...) Pref. Melick. Prcf. Gehring...| Shop No. 1.| 3,4&7,8,F. 4 14 
Seniors.....| Pavements. wits AMG ASEAN A SEN nen chops aagtor PROV IT Bala be Be 7 2 15 
Seniors..... Pavemenwsa6- eon eee CHD SHOEI) LENO GISE DANI woo haces oeeeor 207 AnH 1 2 13 
Seniors.....] Experimental Laborat’y. .| C.E. 12.| Prof. Cade, Mr. Hitchecck. ee \ Lee 6 15 
Seniors.....| Experimental Laborat’y. .|C.E. 12.| Prof. Cade, Prof. Saxton... . Cone ae } F. 6 13 
Seniors.....| Water Supply........... CAH Slo» ProtsGehnineae esse eee aes 208 A. H... 2 4 14 
Seniors..... Water Supply........... C.E. i Prob paxtoneecene ee cree ce 4034. ie 2 4 14 

SPRING TERM, 1917. 

! f se of No. ote 
Class. Subject. Nosof ‘Teacher, Class room. Fenleds “ ee sd ou a 

week. | class. 
Sophomores.) Surveying (elass)........ CE AIDA ie Mrs Ward vo neater seis 208 A.H... 8 2 21 
Sophomores.) Surveying (class)........ rE? Ups GMirWardi ists s neces cae 208) As Hs. 7 2 20 
Sophomores.) Surveying (class)........ Ca abs eM) Bticheocksn can nece ae 109 A.H 3 2 16 
Sophomores.| Surveying (class)........ C.E. 1b.| Mr. Hiteheock.............- 207 ASH oS 4 2 Pht 
Sophomores.| Surveying (field)........ C.E. 1b.| Mr. Ward, Mr. Hitchcock....|............ 3,4,7,8, F 4 16 
Sophomores.| Surveying (field)........ C.E. 1b.} Mr. Ward, Mr. Hitcheock....]............ 12 4 18 
Sophomores.! Surveying (field)........ C.E. 1bh.| Mr. Ward, Mr. Hitchcock....|..:......... 12 4 25 
Sophomores.| Surveying (field)......... Cans Toa) Mire Ward) ett ty. therm cba le etic we 5, 6 4 18 
Sophomores.) Survey’g Methods (class) | C. E.2..] Prof. Cade................ { ae a W ; \ 3 13 
Sophomores.| Survey’g Methods (field). | C.E. 2..| Mr. Philp..................].0- Boiheese: ie 4 13 
Juniors..... Topographic Map. (class) | C.E. Ga.| Prof. Cade.................- 105 R.E.O 8 2 11 
Juniors.....| Topograpnic Map. (class) | C.E. 6a.| Prof. Cadc.................. 105 R.E.O.. 2 P| 18 
Juniors..... Topographic Map. (field) | C.E. 6a.| Prof. Cade, Prof. Gehring....|...........- 1,2 4 18 
Juniors..... Topographic Map. (field) | C.E. 6a.| Prof. Cade, Mire RUD rene. ntl oclen trode Beers 7,8 4 ll 
Juniors.....| Strength of Materials. ...} C.E. 4c.} Mr. Philp.........0.......- T1OSAVE. & 3 5 11 
Juniors..... Strength of Materiais....| C.E. 4c.) Mr. Philp.................. 109,AS He 4 5 13 
Juniors..... Strength of Materials....| C.E. 4c.| Mr. Philp.................- 208 A. H... 6 5 7 
Juniors Strength of Materials. ...| C.E. 4c.} Prof. Gehring............... 208 A.H... 3 5 13 
Juniors. Strength of Materials. ...| C.E. 4c.| Prof. Gehring............... 115 R.E.0.. 6 5 7 
Juniors Strength cf Materials....| C.E. 4c.| Prof. Gehring............... 105 R.E.O.. 5 5 16 
Juniors..... Railroad Survey (class)...| C.E. 7..| Pref. Melick...............- 105 R.E.O.. 1 3 24 
Juniors..... Railroad Survey (class) ..| C.E. 7..| Prof. Melick................ 105 R.E.O.. 7 3 ll 
Juniors..... Railroad Survey (field)...| C.F. 7..] Prof. Melick, Prof. Saxton....|............ 5-8 W 4 16 
Juniors..... Railroad Survey (field)...| C.E. 7..| Prof. Melick, Prof-Saxtonhe. | oct qeaeeeen 1-48. 4 19 
Jun., Sen...] Roads (class)........... C.E. 17.| Prof. Saxton.............--- S1bVASH. ¢ 4 2 6 
Jun., Sen...| Roads (field)............ C.E. 17.| Prof. Saxton, Prof. Melick....)............ 3, 4 6 6 
Seniors... .. Gontracts; ete... 5.5.2... Citi sal leProkaViedder.ca-eeetneeene 105 R.E.O 3 3 30 
Seniors..... Contracts, etc........... (OH 133 |) ProteVedders-« 2s cancecaccee 105 R.E.O 4 3 32 
Seniors..... Astronemy (class)....... CoB NI143) Profs Vedder: 2.0 Maneeeaces 105 R.E.0 4 2 28 
Seniors..... Astronomy (field)....... C.E. 14 at pa oe Het raed Roeper Evening. 2 28 

: é : of. Vedder; Prof: Melick, 2ci)cte-c.ccctle aliacartnse 

Seniors.....| Thesis, 4 sections........ C.E. 11 { Prof. Gehring, Prof" Cade seu ceticrre aeteal reracte store } 20 26 
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The following text-books have been used in our classes during the year: 
Merriman & Jacoby’s Roofs and Bridges, Vols. I, Il, III; Vedder’s Notes 
on Surveying; Daugherty’s Hydraulics; Hancock’s Mechanics; Baker’s 
Masonry Construction; Harger and Bonney’s Highway Engineer’s Hand- 
book; Turneaure and Russel’s Public Water Supplies; Folwell’s Sewer- 
age; Hosmer’s Astronomy; Tucker’s Contracts in Engineering; Boyd’s 
Strength of Materials; Allen’s Railroad Curves and Earthworks; Breed 
and Hosmer’s Surveying, Vols. 1, Il; Ingram’s Geodetic Surveying; 
Blanchard and Drowne’s Highway Engineering. 

The total expenditure by the department during the year for all pur- 
poses has been $9,081.26. During the same period the sum of $595.00 
has been turned in for class and examination fees, and we have been 
credited with $4.50 on inter-departmental requisitions. 

. Respectfully submitted, 
H. K. VEDDER, 
Professor of Civil Engineering. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF ELECTRICAL 
ENGINEERING. 


President F. 8. Kedzie, College. 


- Dear Sir—The main effort of the department this year has been to 
keep the usual classes in operation despite the lack of permanent 
quarters. 

On Jan. lst we began holding laboratory classes in the new building— 
R. E. Olds Hall of Engineering—and since April 9 at the opening of the 
spring term, have held all of our scheduled classes in this building. The 
contractor, Mr. F. C. Trier, deserves our hearty thanks for allowing us to 
use the first two floors while construction was going on. 

During the fall term we were unable to hold one laboratory class until 
Dec. Ist, because of the lack of a building, but this was replaced by 
a recitational course until room was provided; otherwise the work of the 
year has been carried out as per schedule—-athough under disadvantages. 

Since the creation of the Department of Electrical Engineering, Mr. 
Cory and myself have been the only two salaried members. Jan. 1, 1917 
Mr. W. S. Fox and Mr. H. J. Knowlton were employed by the month to 
assist with the work. The former was engaged more particularly to 
prepare apparatus that would be needed during the winter and spring 
terms; the latter to assist with class work. 

At the faculty meeting in Dec. 1916, an increase in the number of 
electrical options was authorized, which makes it possible for those wish- 
ing to specialize in electrical work, to get more in that line than has 
been included in the course heretofore. 

The elections of the sophomores this spring for next year as juniors, 
indicated that this increase in the number of options is appreciated. 

During the spring term the department has been working with Mr. 
TD. A. Seeley in developing an electrical method of determining tem- 


120 STATE BOARD OF AGRICULTURE. 


perature differences, which can be applied to measuring plant leaf tem- 
peratures. This w ork is considered to have an important bearing in the 
matter of studying how plants grow, and we have met with considerable 
success in measuring small differences of temperatures. 
Very respectfully submitted, 
A. R. SAWYER, 
Professor of Electrical Engineering. 
East Lansing, Mich., June 30, 1017. 


REPORT OF THE DEPARTMENT OF DRAWING AND DESIGN. 


President F. S. Kedzie, 

Dear Sir—I herewith present to you my first annual report as head 
of the Department of Drawing and Design for the year ending June 30, 
1917. 

The personnel of the department at the opening of the college year 
was as follows: 


Mr. Chace Newman, Associate Professor of Drawing and Design. 

Miss Caroline L. Holt, Instructor. 

Mr. Frank D. Messenger, Instructor. 

Mr. Alfred Iddles, Instructor. 

Mr. Earle H. Stewart, Instructor. 

Mr. Lawrence N. Field, Assistant Professor of Mechanical Engineer- 
ing. 

Mr. James L. Morse, Instructor in Mechanical Engineering. 


Miss Holt was absent on leave during the winter term and spent 
the time studying at the Chicago Art Institute. 

Mr. Chapin was appointed for the spring term having been absent 
during the fall and winter terms studying at the University of 
Chicago. 

The work of the department was carried on throughout the year in 
various buildings on the campus and I wish to thank the different de- 
partments for the cooperation which they have extended to me. 

As a result of the fire our entire file of course outlines, and teaching 
material was lost. This has materially increased the labors of each 
individual over and above his or her regular teaching schedule. In this 
connection I would like to express my deep appreciation for the uniform 
support which I have received from the members of the staff. I feel 
that a large amount of credit is due the different individuals for the 
organization which we have built up during the year. Each person has 
been assigned certain duties in connection with the reorganization of 
the department and I have found them all willing to respond. 

Throughout the year the work in Machine Design has been under my 
supervision. This embraces the following courses: M. E. 6a, 6b, 6c, 
6d, 6e, 6f, 8a, 8b. These courses have been handled by Mr. Field, Mr. 
Morse, Mr. Iddles and Mr. Stewart. The above mentioned change places 
all the drawing and design work under one head and will lead to more 
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uniform practice throughout the four years of a student’s course. Asa 
result of this change Mr. Field and Mr. Morse have been transferred 
to the staff of the Department of Drawing and Design, and the courses 
listed above as M. E. 6a, 6b, etc., now appear in the 1916-17 catalog 
as D. & D. 6a, 6b, ete. 

During the winter term D. & D. 2b, History of Art was omitted on 
account of the loss of equipment necessary to conduct such a course. 

Domestic Art 7 was divided during the winter term in the following 
manner. The first eight weeks’ work was under the supervision of the 
Drawing department and the last four weeks under the Home Economics 
division. The purpose of this change was to so divide the work that 
the Drawing department could give all of the lectures and instruction 
on heating, lighting, ventilation, plumbing, water supply, drainage, and 
also the drawing of house plans including the study of floor plans, 
elevations, interior details, architectural effects, bills of materials and 
specifications. Such a division of the work proved very satisfactory and 
in the 1916-17 catalog a course is now offered in House Architecture 
known ag D. & D. 9. Along this same line I feel that there is an op- 
portunity to develop a course of a practical nature to be elective for the 
men students and I expect to submit an outline for such a course in the 
near future. 

During the year the department has designed outlines and problems 
for twenty-two courses and now has on file for reference an outline 
of each course taught. In addition to this each member of the 
staff has had an active part in planning the equipment of the new 
quarters to be occupied by the department in the R. E. Olds Hall of 
Engineering. In this building storage cabinets have been made for 
student drawings, and designs are completed for the full equipment of 
the freehand drawing rooms. 

A committee has obtained from local manufacturing plants a very fair 
collection of machine parts to be used by the engineers in making free- 
hand machine sketches. 

The Blue Printing department will be fully equipped and ready for 
business at the beginning of the fall term. 

The following is the teaching schedule of the department. 

Respectfully submitted, 
R. K. STEWARD, 
Professor of Drawing and Design. 
East Lansing, Mich., June 30, 1917. 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN. 
FALL TERM, 1916. 

Hours No. 
Class. Subject. No. Teacher. pdhel rgreiced 

student. | class, 
Freshmen.......... Mechanical Drawing....70.........00500% 4 ab-1.. MraStewart:(sc.. deen, 6 17 
Freshmen.......... Mechanical Drawint ys -aasc csc eeee 4 ab-2.. Mr. Messenger.......... 6 17 
Freshmen.......... Mechanical) Drawings hast. tetas s.- cee eee 4 ab-3....| Mr. Messenger.......... 6 15 
Freshmen.......... Mechanical Drawing..................... 4 ab-4.. Prof. Steward 6 15 
Hr eGuIMeN or ee ace Mechanical(Drawmge..-2.... see eee. 4 ab-5.. Mr. Messenger...... 6 15 
Freshmen.......... Mechanical Drawing..........0b....02-0- 4 ab-6.. MrStewart.¢ .2. «01 sese 6 17 
Freshmen.......... MechanicaliDrawing.)..5.........-.....: 4 ab-7.. Mr. Stewart. .......2--» 6 17 
Freshmen.......... MechanicaliDrawing/erhansccaet tee: aickn 4 ab-8.. Prof. Stewards. a se10ee- 6 18 
Sophomores........ Hireehianid ers. eet oe ini eee cere 1b-1 2 Mips Hlolttan saan er 10 14 
Sophomores........ iHrechand veto ee 3: eRe Rie ooo | 1b-3 4 Miss" Holt=:..sesa eee 10 32 
Sophomores. ....... Descriptive Geometry.: sce. «tees ee ss eee 5 ab. Profistewardse sence e. 8 8 
Sophomores........ Machine Desipnis.:. Aoirceis.dee ccinnen coke Gaal see Profs Rieldes nc tosnek pee 6 25 
Sophomores........ Machine“Désiziicc. snc ee eee 6a-2..... Mr. Morseme na. ce ate 6 18 
Sophomores........ Machine) Design: 8 asxetias 5 nantne ean ase Ga-3. 0.05 MriiMorses-omeres eee 6 21 
Sophomores........ Machine Designiye + encom ane asiee oie 6a-4..... Mr Lddlesis: asc ements 6 23 
JONIOTS eeEr eonaee Shades Shadows and Perspective.......... 7-1 2 Prof. Newman.......... 6 16 
JUDIONSY Jee een roles Shades Shadows and Perspective.......... 7-3 4 Mr, Messenger......:... 6 15 
JUNIO‘: 0 Sehee eee Machine Desianis ce Sects see tee | 6e-1 2 Mr. Morse.5..02 cine 6 16 
DUMOTS serene Machine!Designy. ancien cesta 6c-3 4 ProftWield noes seecercte 6 15 
Juniors:'and Seniors. |’ Hreehand.:.:,..ceccevcess ss 0es seca sles cote 1 eee atiss Prof. Newman.......... 10 15 
Math al ee faa eere eal ec racose ales cee chara ess ORI OTE oP VAS otoTe oth elles arate cy Seaca leeie ratchet cs lete ee re reTer ate tete te letall este tea 349 

WINTER TERM, 1917. 
Hours No. 

Class. Subject. No. ‘Teacher. pew alee 

student. | class. 
Freshmen.......... Mechanical’ Drawing 4072-3 s@teacoseee cee Ae MriiStewartsmececaeeeee 6 10 
Freshmen.......... Mechanical Drawing y.)cs«c teres Ce MrsStewart. ecm vanes 6 10 
Freshmen.......... Mechanical Drawing eines. cece eer 4e-3..... Mr! Stewarts oie ones 6 19 
Hreshmen> sos. ‘Mechanical Drawing...2...se0 02s) 6 sere 4e-4...5. Meri iddlestzct i. saeece 6 13 
Mreshmien> 22°). cee e. Mechanical Drawints. 6:50 ces crtsscsteiae reels Ae=5 ne Mr: Stewart. 222.50. 2e 6 12 
Freshmen.......... Mechanical Drawings.,.c.essiies viele eclemie s 4e-6..... Mr. Messenger.........- 6 14 
Freshmen.......... Mechanical Drawittiseecasaem.e os ere cere 4O-T). cisees Mr. Messenger.......... 6 11 
Breshmensne 4.0... Mechanical’ Drawing....:...¢2..-c00ce+s 4e-8...... Prof: Steward... ss acca et 6 12 
Sophomores. .. Machine Desigieg.sacno. Sosecee seein 6b-1,..=. Mr? Stewartaccs.aent eee 6 14 
Sophomores........ Machine Design c.0 ctee esti ote eee 6b-2'....... Mr: Tddles isos). shiess.ne 6 21 
Sophomores........ Machine Desienrcec ce rerciecisien eee pietineiee: 6b-3.. Mr, Morse. sc. <0 = semen 6 21 
Sophomores........ Machine Designs i. cccscic civics naam «10 6b-4. . Mr! Tddles: 325. «cemeeace 6 23 
JUNIOS... aisietewioeir ae Machine Desipn:..< Said serie.cie ors acceieins ecele 6d-1 2 Mr. Morse........ ee 1 6 12 
UMNIOTS cs sepa serene Machine Desigi: «. (2 \sdiejve ocr ee eve. clare 6d-3 4 Mr: Morsesse. + seers 6 16 
Juniors and Seniors..| Freehand and Mechanical................ BOs one Prof. Newman.......... 10 15 
Senlors..o 2% sceesens MechanicalisAccc nasser onan eee aren: SDsscaes Mr. Messenger.......... 6 7 
SONUOLS se iie ee stesiere = Domestae Art nis Fee cseew nace hastens (pion, Prof, Steward:t....c.>> 10 22 
HEMIOISs thicsreicnone DomesticcArt 5...2 5. bch oueae gent emsce ree OO ars Prof. Newman.......... 10 23 
WEDIOTS Saeco c: Steam Engine Design...............--++- Sbisceeis FrofsRicld> reese ee 8 24 
cits | Cy ei inne rein a” eee be Sn Opie Me AHN A Becriodinda aon ont caconoonl sen soUds 299 
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SPRING TERM, 1917. 
ne ak 
. per w’k | students 
Class, Subject. No. Teacher. cach in 
student.| class 

Freshmen.......... Descriptive Geometry... ...........c0000 5 ab-1.. Prof, Steward:..- ..2. <<: 3 27 
Freshmen.......... Descriptive Geometry. oe ssecs oo ees 5 ab-1....] Mr. Messenger.......... 6 27 
Freshmen. ......... Descriptive Geometry................200- 5 ab-2.. Mr, Tddles es cent 9 23 
Freshmen. ......... Descriptive Geometry...............-ce0- 5 ab-3.. Prot. Steward........... 9 18 
Freshmen H. E..... Mechanicaltee. 98 ssestys oe oe ee ane Bred bea rof, Newman.......... 10 22 
Freshmen H. E..... MethaniGal\scr stich eyoe cere eck cree 3a-2 Mri Stewartncas- as. 10 De 
Freshmen H. E..... Mechaniesl<3 Pot o03 ces ake ee cee Saco eas rof. Newman.......... 10 19 
Freshmen H, E..... Mecharitcaluy cick eins ae rsch sonnet rome Dake a5 Mr: Stewart: «052. .0=. 10 22 
Freshmen H. E..... Mechanichla6 sees cece ace. tak soca 3a-5.. Mrs Morsero.. es se oee 10 21 
Freshmen H. E..... Mechanidall se ae8 tus Sota ober aaaaes 3a-Be ook MriChapin® sso) er 10 23 
Jun. and Sen. H. E..| Freehand.. Miss Holts. oc)es 6 3 
Seniors H. E....... Freehand.. .| Miss Holt. . 6 26 
Seniors H.E....... Freehand.. : Mr. Chapin 6 23 

Seniors H. E....... Topographical Al eters s Mr. Messenger and 
Mr) Chapineennaes sae: 10 il 
SNIOTS 1 eee Steam Engine Design...................- Saal 2). profs Mrelde 5; 35s: 297. 4 15 
IRNIORA aie ee Desion Bapine sss ecco 5 hte oes Sa-3. 4e cep Mr Morse actite a ae 4 12 
DEMOIB ees eek ee Machine Design eicc ste soem eeee eee Olek es Prof Riel si ee sae a 6 22 
BROGAN ssysrcte te cra meth are cto easels chersce atch ehcte eisai di Ste aie wise Bis erase | Gime oN PS ESSER CE ES Eee eee 336 


REPORT OF THE DEAN OF THE DIVISION OF HOME 
ECONOMICS. 


President F. 8. Kedzie, Michigan Agricultural College, 


East Lansing, Michigan. 


Dear Sir—Permit me to present the following report for the Division 
of Home Economics for the year 1916-17. 


The enrollment for the year exclusive of the Summer School was 357 
The comparative enrollment by 


as against 330 for the year 1915-16. 
classes was as follows: 


Graduates .... 


EMIOVSY cs Acie ctl foatss Bs gene ae 


Juniors .. 


Total 


CP s0e 8)'6 wee Sys eeeceeeve 


PODWOMOPOS ox cit-is, 35 xo Hove mies 
PreSh MON. 5.5532, $00a siznake ore eahaee 
PS] dee Eo ee a Re ean eee So 


1915-16 
Bich Sh ahs ae 2 
Rispete rye 6k ee 
Ns nies Sakae 60 
eee ea" 
Sig Peareastehs 120 
AOE ee 13 


1916-17 


The enrollment in the Summer Session was 60 as against an enrollment 


of 38 for 1915-16. 


For the increase in numbers, the house was leased on Albert Avenue 
which is known as the College Residence, which furnishes dormitory 
accommodations for twenty and provides for a boarding club of fifty. 
The College Cottage, which was opened a year ago proved so successful, 
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that it has been continued. In addition to this, the former president’s 
house has been used as a Practice House for seniors under the direction 
of the head of the Domestic Science department. Twenty seniors and 
three teachers have lived in the house each term, and the work of the 
house has been divided so that practical experience in House Manage- 
ment could be given to each group of students resident in the house. 
College credit has been given for this practice work. The students 
who could not be given places in these houses under college control, 
have occupied three private houses in East Lansing under college super- 
vision. 

There have been some changes in the instructional force of the Di- 
vision: Miss Emma Francis was made instructor for the year in 
Domestic Science; Miss Ethel Van Wagenen was made instructor in 
Domestic Science and given charge of the boarding club and general 
house management of the Practice House; Miss Lisa Osterholm was 
made instructor in Domestic Art, but at Christmas time found it nec- 
essary to give up the work, and was followed by Miss Grace F. Smiley; 
Miss Clara Hunt has been House Director for the year and Miss Friedrika 
M. Heyl has had charge of the Woman’s Building. 

Owing to the unusual conditions existing in the country this year, 
it has been necessary to make heavy demand upon all the teaching force 
of the division, and I wish to take this opportunity to express my appre- 
ciation of the very generous response which all the members of the staff 
have given in time, thought and energy, to the calls that have been made 
upon them, and the cheerfulness with which they have taken on the 
new work. ; 

The latter part of the year, the work of the division was characterized by 
the effort which was being made to prepare the girls in the college to meet 
the demands which were going to come to them to help in the movement 
for conservation and preservation of food, and to relate the work of the 
College to the work of the alumnae and the work of all women’s organiza- 
tions, as well as to the needs of the individual women in the town or on the 
farm, in order that there might be unity in the work of the state where- 
ever it concerned conservation. For this purpose, the work of each 
course was adapted to the new demand wherever this could be done 
without, in any way, lowering the standard of work in the course or 
detracting from the thoroughness of the work. Special courses in canning 
and drying of fruits and vegetables were held on Saturdays, that the 
students might have a chance to review this work before being called 
upon to do it in their communities. June 25 to 29, inclusive, a special 
week of canning and thrift was conducted by the division, 
for Home Economics trained women of the state who had had at least 
two years previous training, of which one hundred and twenty women 
availed themselves; and a special two day course was conducted July 
5 and 6 for women who wished the training in canning who could not 
meet the requirements for the week’s work. As a result of this work, 
a large number of our students are giving their time to help. 
the women in the state in this conservation movement, and 
the efficiency and spirit of service which is being shown should, I 
believe, be a matter of gratification to the College. 

The Guest Room in the Woman’s Building, which has been furnished 
by the alumnae, has been a source of great pleasure to the division, as 
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it has made it possible to entertain college guests, and to offer a 
hospitality to transient visitors at the College which it could not offer 
before. 

During the year, the students of the division have organized a Girls’ 
Student Council. This Council will concern itself with many and varied 
interests in the division, and will work with the Mens’ Student Council 
to maintain the traditions and standards of the College and to promote 
progress. We feel that the organization of this Council will be a great 
help in developing the life of the division. 

Owing to the growth and to the increased specialization in the division, 
as well as to facilitate the financial management, separate departments 
of Domestic Science and Domestic Art have been created with separate 
budgets, the remaining work of the division being carried on under the 
denomination—Dean’s Office and Dormitories. This is in line with the 
development of the work of the division, and with the hope which we 
have had that eventually the dormitory life and department life may 
be made as distinct as possible. - 

The greatest need which we have in our division at present is the 
need for a Home Enonomics Building, in which the class work can be 
carried on apart from the dormitory and social life of the College, as 
I suggested in my report for last year. Owing to the increase in numbers, 
it will be necessary for some provision to be made for extra laboratory 
space for the coming year, but we are hoping that as soon as conditions 
will permit, the question of a building suitable to the larger needs of 
the division may again be given consideration. 

Respectfully submitted, 
: GEORGIA LAURA WHITE, 
Dean of Division of Home Economics. 
' East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEAN OF THE DIVISION OF VETERINARY 
SCIENCE. 


President F. S. Kedzie, Michigan Agricultural College. 

Dear Doctor Kedzie—I herewith present a report for the Division of 
Veterinary Science covering the fiscal year ending June 50, 1917. 

Student and Teaching Personnel: The steady, consistent growth in 
number of students indicated in my report of a year ago is again mani- 
festly encouraging. Records for the year just closed demonstrate that 
we have given instruction to three hundred and forty-six students, in- 
cluding the elective work in junior and senior agriculture, both first 
and second year classes of the five months and eight weeks Short Courses 
in general agriculture and the seventy students registered in the regular 
full four year Veterinary Course as follows: 


Wes co.) See en ie Parca Soot C eee pista hed Se eee 20 
BOD HISIORER: Sacre versed Dare ta waters a charls Ki i-aeis 0/610 0's ps0 28 
UMS 6 Bago ie A Oe hs cle eek ce ieee. oS ee we eis 


Seniors ...... RG eae sar Seat Ply A eae eS 9 
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In commenting on our increased enrollment of students working for 
the D. V. M. degree, it is opportune to call attention to the changes 
that have occurred since my last report both as regards entrance re- 
quirements and length of courses in veterinary colleges throughout the 
United States. I have previously mentioned how the Michigan Agri- 
cultural College, alone of all veterinary colleges east of the Mississippi 
River, has striven to maintain a four year course of instruction upon 
a preliminary requirement of high school graduation and how this single- 
handed effort has contributed to the slow but none-the-less gradual in- 
crease in our enrollment; a feature, however, that has brought forth a 
finished product manifesting both ability and efficiency in the competitive 
field of the veterinary profession. Beginning September last or on an- 
nounced intention to inaugurate the new order at the opening of the 
approaching year, all state colleges are or have under contemplation 
the adoption of the four year course with fifteen high school units en- 
trance requirement. It is certainly gratifying to thus see the realization 
and stability of our earlier convictions that the time necessary for a 
balanced veterinary school curriculum without four full college years 
lacked opportunity for adequate instruction. This universal adoption 
of a four year standard with courses constantly demanding recognition 
is, we firmly believe, but a mile-stone to the ultimate establishment of 
six years of collegiate work for the veterinary degree, as has been the 
evolutionary progress of the past twenty-five years from only two short 
years of but six months each. 

Another fact of the past year that should not be regarded too lightly 
is the pronouncement of the United States Department of Agriculture 
that henceforth veterinarians for eligibility for government employment 
must have attended at least four full years of veterinary study and so 
gained their diploma. This plainly bespeaks the early elimination of 
the private veterinary schools and hence increased responsibilities upon 
state colleges for furnishing the necessary practitioners to meet the 
ever increasing demands of animal husbandry. 

Several changes in the division personnel developed during the past 
year: Dr. J. S. McDaniel, responding to a call from his Alma Mater, 
left us at the close of 1916 to take up veterinary extension work in 
Missouri. The place thus vacated was filled through the engagement 
of Dr. James William Benner, graduate of the Veterinary Division, 
Kansas State Agricultural College, as Assistant Professor of Veterinary 
Medicine and Pharmacology. Dr. McDaniel had been connected with this 
institution since 1911 and was an agreeable as well as efficient colleagur. 

Dr. J. P. Hutton resigned as Assistant Professor of Surgery and 
Clinic at the beginning of the new year to accept a commercial position 
in an adjoining state. His place was ably filled for the remainder of the 
college year by Dr. J. I. Handley, a graduate of Alabama Polytechnic 
Institute, Veterinary Department; it is, however, gratifying to note that 
Dr. Hutton has been prevailed upon to reassume his work at this institu- 
tion, returning August 1, as Associate Professor of Surgery and Clinic, 
thus assuming charge of the newly created department added to the or- 
ganization of the Veterinary division. 

As it became essential to supply additional help for Dr. F. W. Chamber- 
lain incidental to work in both gross and microscopic anatomy, Mr. W. 8. 
Robbins, formerly with the Department of Animal Pathology, was 
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transferred shortly before the close of the fall term. The work accom- 
plished by Mr. Robbins has been especially commendable and pains- 
Taking. 7: 2. 

Since the establishment of the course in Veterinary Medicine it has 
been customary to give, once every two years to senior and junior Classes 
combined, a course in Veterinary Jurisprudence. We again were fortun- 
ately able- to secure Judge Charles B. Collingwood for the past 
year to deliver a series of lectures touching the more important phases 
of law as it relates to business, to federal and state livestock sanitation 
and concerning responsibilities of the veterinarian in his relation to the 
client and community. 

Course of Instruction: The revised schedule of instruction sanctioned 
by the faculty a year ago, which entirely eliminates elective courses and 
more adequately correlates the work, was put into operation for fresh- 
men during the past year with exceedingly gratifying results; indeed, 
a large percentage of the first year students completed the work in a 
most satisfactory manner. By vote of the faculty, authorizing a few 
temporary changes in courses to aid adjustment, the entire new schedule 
for all classes will be adopted beginning with the opening of the next 
college year. 

The military exigency incident to the declaration of war with Germany 
has created such an unprecedented demand for skilled veterinarians that 
we have, with the approval of the State Board of Agriculture, arranged 
to shorten the next fiseal year for our senior students by advancing the 
date of graduation some two months; this plan will work out without 
in the least curtailing the regularly scheduled work. 

It was our expressed hope in the annual report of one year ago 
that before long arrangements might be completed making it possible 
to offer attractive courses to the practitioners of Michigan. It is grati- 
fying to announce that the division is now planning to offer its courses 
to graduate veterinarians throughout the approaching college year and so 
permit them to take advantage of recent information relating to the 
ever increasing responsibilities obligatory upon trained veterinarians. 
This we trust will be only a beginning which may promptly lead up to 
an annual weekly conference or some other attractive method permit- 
ting Michigan veterinarians to pursue elective Work in surgery, parasitic 
diseases and problems related to sanitation and animal disease. 

Two years ago graduate courses were authorized in Veterinary Anatomy 
and Animal Pathology and I would repeat the suggestion made a year 
ago—that it might serve to encourage recent graduates to undertake 
such studies if one or more half or quarter time assistantships were 
created; this would serve to develop help in teaching and relieve the 
present corps of instructors. 

The class room work of the five instructors engaged in teaching en- 
tirely within the division is, under the revised schedule, distributed as 
follows: 

Fall week- Winter week- Spring week- 


ly hours ly hours ly hours 
NS PV AMRAMY tava se ey aieueraiaic exenetotees 13 18 9 
F. W. Chamberlain a ated 33 22, 25 
aman oe} ated os a 14 48 5 
NV oF ECTIMOTS c2 0k dav thee ota: ccelare 14 16 18 
he ee atten 4s Jo te ste wees . 20 32 32 
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We were unable during the past year to put into operation the changes 
suggested in the last annual report for the elective courses open to 
students engaged in agricultural pursuits. We are, however, after a 
year’s deliberation as fully pursuaded as before that the elective work 
now offered to junior and senior agricultural students can be very 
materially improved upon by giving the student that definite compara- 
tive knowledge of the structure and function of the animal body gained 
through combining laboratory and lecture work; up to this time, un- 
fortunately it has been impossible to provide suitable class room facili- 
ties. 

On two previous occasions we have suggested the advisability of 
establishing an extended course affording opportunity for students to 
simultaneously pursue work for a Bachelor of Science degree in Agri- 
culture and a Doctor’s degree in Veterinary Medicine; since our first 
mention of this plan the idea has been inaugurated in other state insti- 
tutions, thus rendering it impossible for us to actually pioneer in the 
move but not presenting any obstacles to prevent this College undertaking 
to develop such a course. I shall during the next year undertake to 
offer the proposition to the faculty of the Division of Agriculture 
for consideration, hoping, if feasible, that a schedule may be worked out. 
and published in the next annual catalog. 

Alinic. Kach annual report has elaborated to some extent upon the 
increasing value and scope of the clinic in its relation to veterinary 
instruction. The past year shows fewer cases under treatment than 
is usual; but several factors are contributory to this result, more espe- 
cially the early closing of the college year and the change in manner 
of entering cases upon the hospital records. It was, on the whole a very 
satisfactory year from the standpoint of clinical instruction and pro- 
vided the senior class with valuable practical experience in handling 
and caring for sick and surgical cases. 
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A tabulated report of the Medical Clinic from September 27, 1916 


to June. 1, 1917: 


J AVADLIUIIRIE HS oho te Schnee Eee Eee aE eR he ee ee teh Coa 
PAIS CMD ES taetck tomes al sete Mees ee. eile avons ieualle- ave (ol aanoe Geist = | 
WOl CHILES Iannone uae pews cpa crniehreeescanerele 
ONC ASTELGS roe Beh aes eh sod adds ano vaneeeerart, suns 
Chorea 


TALC GT) acy or coe Maen tne eS REAR ae Rene Pact ces eRe ee 
ENT VSCOM he s6 RR, or oe eye tlle soe ae Gitegar oe suoea he 
AISTEMIPSL Whceks ee avatars, ene moe Mol ai, SNE aaekena athoe 


Dermatitis 
Influenza 
CAS Py caer ete oh saea ereia GPs Rie ide Mere ns er eke Re a 
( SSUES a ey oe ae RR ee ae toh A, 
Gastro-intestinal catarrh 


GONE Taare ok Peete icuoce! ciichaust tie asta ne ies oe Srorieeb ne Cewek 9. 
TYG OSTLON aACUUC cas serie eicd_on th retaneveite cotta: anecote hy ve 
Intestinal parasites 


Kerititis 
VNU een ence Rac helene cecacs aseemete Wa oh mavens terrace tats aytas 
Laminitis 


INGOTS arice tohoee etonetans Contig clan save eheetine ee wah 


ODERityenr et hess alii setae SGA, CRIA Uh sya ehe te enone 
ATA LY SISPy Pee Steg ois cid ae tate me eaaawe. oe 
Paturient paresis 
Peritonitis 


ESV OIE A eye roe tr eter cere ae Sa Oe ote mee 
Septicemia, Hem 
Stomatitis 
Thrush 


Horses. 


Total cases. 


34 
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A tabulated report of the Surgical Clinic from September 28, 1916, to 


June 1, 1917. 


AID 2 Ga eee oho Bee hse eine aie dhe etter ote eter aad? 
Fit) 20 ht: RNC HO cos MEERA CMR Cre ere Cc eu ROIS, ic heme 
Garpleigs Pe: Hein ee as ee tis a seen oul tents Ren ate 
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Castration, Ridgling 
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FESTULOUSLIACUSEEs ascent .ckihoxs ae te, or etoteuerne easter 
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Laryngeal Hemiplega 
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ERIN PHAM oc ais cit « as) seater Neusde ral Sash jays cst eee Aleve 
Open joint, Infectious synovitis 
Ovatlovomyets. cc. os. iene eect an cE ren eee 
(PATUTienteParesis’.«c:./08 see Puce ene oe ae erie | Reet ae 
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Trimming tail and ears 
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Thorough-pin.... 
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Total cases. 
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Alumni. Up to this time something over fifty per cent of our 
eraduates have located as general practitioners in Michigan; it is, 
however, difficult at this writing to estimate the exact number so engaged 
owing to the unusual restless conditions throughout this country and 
the fact that a very great proportion of our alumni have volunteered 
for enlistment in the Veterinary Officers’ Reserve Corps of the United 
States Army. Accepting an appointment from the War Department 
during the early spring as examiner of applicants for the Reserve Corps, 
I have had an excellent opportunity to again meet many of our graduates 
and also obtain a most favorable impression of their state of prepara- 
tion and efficiency upon veterinary subjects. Unquestionably this army 
veterinary work will serve to link in closer bond the practitioner and 
college. 

Anti-Hog Cholera Serum. Shortly following the commencement of the 
fall term of 1916 the manufacture of anti-hog cholera serum was dis- 
continued and distribution limited to the product on hand. Details of 
the closing up of this work will be included in the report from the 
Department of Animal Pathology and we have already alluded to the 
transfer of Mr. Robbins to the Department of Veterinary Anatomy. 

EHatension and Research Work. Realizing the high annual death toll 
among Michigan livestock and appreciating that much of the loss is 
preventable through adequate establishment of cooperative and educa- 
tional contact between sanitary experts and agriculturists, we have an- 
nually and now continue to urge provision for giving members of the 
Veterinary Division a closer touch with these problems through per- 
mission to inaugurate investigation work upon a more extended scale 
than at present. We have recently offered the facilities of the Depart- 
ments of Medicine and of Animal Pathology to the College Extension 
Division, with a view, if possible, of working out control methods against 
animal parasitism and infectious abortion among cattle; these and other 
fields of animal disease problems offer abundant opportunity and we 
ought to be at work to the fullest extent the resources of this institution 
ean afford. 

The usual opportunity for extension work through. furnishing in- 
formation by correspondence, examining material sent in by veterinarians, 
farmers, and the State Live Stock Sanitary Commission, attending the 
Grange meetings, institutes, taking part in the program of farmers’ week 
schedules, veterinary gatherings, etc., have been a part of our endeavors 
during the past year and unquestionably offer fields for greater elabora- 
tion aS soon aS we can increase our available teaching and working . 
force. 

The American Veterinary Medical Association met in annual con- 
vention at Detroit during the last week of August, 1916, and as appeared 
fitting for such an occasion members of the Veterinary Division faculty 
took a large part in the work of the committees created for entertaining 
visiting delegates. 

Recommendation. In closing I particularly desire to emphasize our 
urgent need of a building to accommodate the Departments of Veterinary 
Anatomy and Animal Pathology. The allied nature of these phases of 
work make it possible to arrange a dual purpose building providing 
laboratory facilities for microscopic work in histology, embryology and 
morbid anatomy, quarters for dissection for both agricultural and vet- 
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erinary students, preparation rooms, museum and a necrospy laboratory. 
In our last report we called attention to our present inadequate building 
equipment for these phases of work and suggested the need could be pro- 
vided for through an expenditure of less than $50,000. M. A. C. now 
enjoys an enviable reputation as an institution for training men as 
skilled veterinarians and if we would continue to measure up with older 
well housed veterinary institutions, it is imperative this requirement re- 
ceive consideration at the earliest moment the College resources will 
warrant. 
Respectfully submitted, 
RICHARD P. LYMAN, 
Dean of the Division of Veterinary Science. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF ANIMAL PATHOLOGY, 


President F. 8. Kedzie, College. 

Dear Mr. President—I herewith submit report of the work of the 
Department of Animal Pathology for the year ending June 30, 1917. 

A record of the undergraduate instruction work given by the depart- 
ment has been reported in the annual report of the Dean of the Division. 

In addition to this two graduate students pursued work in Pathology 
100 as a minor and one as a major. Unfortunately the latter was given 
up during the winter term on account of the resignation of Mr. Keck 
from the College. This was very unfortunate for the department as 
the problem he had elected was a most vital one to the cattle breeding 
industry, viz.: (The pathology of the reproductive organs of breeding 
cattle). It is to be hoped that this phase of the problem may be con- 
tinued. 

Through the kindness of the head of the Bacteriology department 
and the Director of the Experiment Station it has been the privilege 
of the writer to make a few trips throughout the state in the interest 
of abortion and sterility work in cattle. The purpose of his work has 
been to collect material for bacteriological examination and to outline 
measures of control to be carried out by the owner of dairy herds, co- 
operating with their local veterinarian. The importance of this work 
cannot be over-estimated and it is the regret of the writer that more 
time is not available. We are advocating stricter measures with regard 
to hygiene and sanitation and local treatment of the reproductive or- 
gans by specially qualified men and hope to present data in the future 
to show the results of such control measures. I might remark that there 
is the most pressing need from two sources in this particular work— 
a greater appreciation on the part of owners of breeding cattle of the 
importance of hygiene and sanitation in the control of contagious 
abortion. Second—to get more veterinarians to qualify to render the 
purely technical services. Few veterinarians have had the training re- 
quired to administer this kind of treatment and there is a pressing need 
for instruction among veterinarians of this nature. These facts are 
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not reflections upon the qualifications of the practicing veterinarians 
since it should be remembered that the treatment of diseases of the re- 
productive organs of cattle has been developed within the last two or 
three years and few veterinarians have had an opportunity to qualify 
to administer the best services. 

It has been the privilege of the writer to act in the capacity of an 
extension man in animal diseases to a limited extent. During this year 
we have made the following trips: 


September 18-23, 1916. Attended Lenawee County Fair to give exhibit 
of diseases of animals. 

September 25-30, 1916. Attended Hillsdale County Fair for same 
purpose. 

October 13, 1916. Visited farm of Mr. C——, Owosso, to outline plans 
for control of abortion. 

November 3, 1916. Visited farm of Mr. C 
indicated above. 

November 8, 1916. Visited Dr. E 
of controlling sterility. 

November 23, 1916. Attended meeting of Plymouth Agricultural As- 
sociation, Plymouth, to give talk on “Contagious Diseases of Cattle.” 

November 24, 1916. Visited Dr. E of Howell to demonstrate 
method of controlling sterility in cattle. 

December 14, 1916. Attended meeting of County Veterinarians, Niles, 
to give talk on abortion and sterility in cattle. 

December 15, 1916. Attended meeting of County Veterinarians, Paw 
Paw, to give talk on abortion and sterility in cattle. 

December 16, 1916. Attended meeting of farmers and breeders, Kala- 
mazoo, and gave talk on tuberculosis and abortion in cattle. 

December 29, 1916. Visited Ionia State Hospital to outline measures 
of controlling abortion and sterility. 

January 4, 1917. Visited Dr. D , Ypsilanti, to demonstrate opera- 
tion for sterility and outline control measures in herd of cattle for 
abortion. 

January 10,1917. Attended meeting of County Veterinarians, Pontiac, 
to give talk on abortion and sterility. 

January 18, 1917. Attended meeting of Southwestern Michigan 
Veterinary Medical Association to demonstrate operation for sterility 
in cattle. 

February 2, 1917. Attended meeting of farmers in Newaygo County 
to demonstrate operation for sterility in cattle. 

February 24, 1917. Visited Dr. G , Adrian, to demonstrate opera- 
tion for sterility and outline control measures for abortion in a herd 
of dairy cattle. 

February 26, 1917. Accompanied Dr. M——,, Lansing, to three dairy 
farms to investigate causes of sterility. 

March 17,1917. Attended meeting of veterinarians of Wayne, Oakland 
and Macomb counties to give talk on contagious abortion and sterility. 

March 23, 1917. Attended meeting of veterinarians of Kent, Allegan, 
Muskegon and Ottawa counties to give talk on contagious abortion and 
sterility. 

April 11, 1917. Attended meeting of farmers and veterinarians of 


for same purpose as 


of Howell to demonstrate method 


134 STATE BOARD OF AGRICULTURE. 


Newaygo County to give talk and demonstration on the control of 
abortion and sterility. 

June 5, 1917. Attended meeting of veterinarians and farmers, Mt. 
Clemens, to demonstrate operation for sterility. 

June 8, 1917. Accompanied County Agent Nash, Branch County, on 
tour through counties in the interest ‘of abortion and sterility in cattle. 

June 15, 1917. Attended meeting of farmers and veterinarians, Cold- 
water, to give talk on and demonstrate operation for sterility. 


It has been our privilege to continue to serve the State Live Stock 
Sanitary Commission as Animal Pathologist. The greater part of our 
work for the Commission consists in examining all diseased animal 
tissues sent it, but occasionally a trip is made to investigate a 
report of animal disease. During the past year the following trips have 
been made for the Live Stock Sanitary Commission : 


November 19, 1916. Accompanied State Veterinarian Dunphy to 
Wacousta to investigate reported case of rabies in a horse. 

November 20, 1916. Accompanied State Veterinarian Dunphy to Jack- 
son County to investigate disease of cattle. 

December 4, 1916. ‘Investigated disease of cattle near Linden. 

January 27,1917. Investigated disease of horses near Saginaw. 

February 12, 1917. Investigated disease of cattle near Forest Hill. 

March 19, 1917. Investigated disease of calves near Palmyra. 

May 15, 1917. Accompanied State Veterinarian Dunphy to investigate 
disease of cow near Williamston. 

May 19,1917. Investigated disease of cattle near Ithaca. 

June 26, 1917. Investigated disease of cattle near Marine City. 

Autopsies and examinations of Animal Tissues. 


During the past year we have held autopsies on animals as follows: 


ELOTSES Settee gig’ wiel af ahcle a ten Sie Races eee ge ae 
Cows: and: Calves <i: 3.0.3 cae Roo oes 2 eee 13 
HOGS Seine os Set ee See ee Wie sr 16 
Dogs. whi os #- et eee ee ees ee 5 
Sheep <5 tia eae ai: a. de Sica tbo Sd aats ae Lie ear A dos Se 2 
Chickens:s:..cs5. sick eee hee Cerehas Spe AP ae Satin ae 
MULKGYy to ederak oo BEE Oke Wiehe cis acne le bia ktane a ieee ae 1 
Rabbit 60 leeks Se ei eas a a ee ee ee af 

Mobalses occas ones ws 6 WIS a lel scene a Gee aceiate ne ee aren nae 66 


Among these we have found: 


Purpura hemorrhagica, horse ...... pialsce te.8 0 wie teks os ase i 
Meso-colic abscess from castration, mare .............. satay 

Acute interstitial nephritis (colt 2, horse 1) ....\.soeceen eee 3 
Bilateral lobar pneumonia, Calf >. 2... c.g sals op ene ee ee = 5) 
Acute pulmonary emphysema, CAS sees (S~ ns eee Sts se os oe 
Caseous pneumonia, calf ...... dvals ie cuShelipeae so xe ea te a eto ie - 
Acute fibrinous pleurisy and pericarditis, calf is neato eats 2 i 5g ae 
Catarrhal enteritis, calf; [05 << Soa cee eaten oe te ete 
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Peete) INU ENTS CALE SOE eae Ns coer Oo eais alee at 5 ovlelet oe a 11 
Peritonitis due to perforation of uterus in pyometra, cow. 1 
Pyometra and pyaemic arthritis, cow ...... Pada haters Hie ods 1 
Mn wTeAl ANTICCLION, CAMA 14 se: o claret oo ate cles RE Panes 1 
Sarcoma of uterus: with: metastasis, COW >... 252)... 26 owes 1 
WG ONOLELA CS oo 25. owas B hohe one eerie ds gee abeae aires 5) 
eG IOUS 1G ORI 5h PTE aww a: 3) ogo, Oe ooo sie es aware 's bots ode 4 
Tp pat GREUMONIAL. DIS «5 oo. 015 oie 'e aire b/ 5 wt 8 Shee ak 2 
IP REA SALT A OUD Sa NS oot oo cy ae ate San) aha otk ke a Pe eRe Te egies 3 
Gastroimestinal. intoxication; Pig .e: 22. 0ccens oss nee ox 2 
Piateeral- lobar, puenmonia; GOS 6 cile'h ae kee ep nce rr ee es if 
Meee DUE SAI) 5 rah ort 38 Rove esha aco! casi ul ates a's Lae a Snes See mlawee 2 ft 
Perea et SATE EAs DOE ea) Aes St. Sorcha a, 8s) ia a» Oe eine eines 1 
Bepticaemia, sheep.-. 22 ..0.2620% cers re eae agli s kee eet ae 1 
PEOMIACH. WOrmis) SHE ta cadet at anat lttste ee 6 aise bs ee wie a ole owas 1 
BMP CECWIONIS: + CHICKCU: + 5750) sc oo ahasle ee cle ate en ce eis a eho ose bona ae 11 
Acute parenchymatous hepatitis, chicken .................. 5 
Phthiriasis and intestinal parasitism, chicken .............. 11 
Meariie CHCINOVENAGE DOTY | 2:2'5 5) uc sete mo ed SiO oe oe olan ee 1 
PE Ver OH Oe OVLIUCT, HEN. 35/54. ..do use ¥ as oot eet tie ie ona a 
Coecidial white diarrhoea, chick .........2.....0cc00 et ay! 
NEES CUPS AUTON ETINCHC”: P07 c-. cose. v's ce mah 2 leas» alsin eo 3 oes a oleroolates 2 
kafectious ‘entero-hepatitis, turkey .20s06603. 050% fees iie 1 
PREMEMEMER: OES EL Ae elite scien a coes sag He Dina c Wists Ae ae ea eee 1 


During the past year we have received specimens from 108 diseased 
animals sent by farmers and veterinarians for examination. In some 
of these cases the tissues had undergone such decomposition as a result 
of improper packing that a diagnosis was not possible. Among these 
we have recorded the following cases: 


mifbunrinnuria and glycosuria: horse: “2.0 62:.. 32... ade s3 sit dears ak 
Cyreicercus, teuuieolis, sheep. 230, 00,. 6s sc eneecte he oe mpc 4: 
Case0aGs PRCUMONIA, COW. ..\. 2 focus was as Scere s Weiss 3 alates gatos 1 
Pareinoma; of. bladder, (mares ty: ev res sos e ete eerce «0 Seater aM ne 
Saremonts of wiertis de 2.63 ee be arn hp meu ee aA TS 
PEL MCEEOSI HOM A Scare ais ence 2 sto Sa es REE LOE FE octal wk 
Fibroma of leg, “horse bo Rita ma osec ttl eighteen eee thas auaepete 1 
Fibro sarcoma, MBN AG O%. ere oot she ceea aco re eee nr ee ol 
ROMS FINS i, tov chs ale ve ae ae Stee aI ae nid olen es aie, oak aaah 1 
Hepatic ‘and spleenic ‘tuberculosis, chicken 22h. fies Geshe 4 
Hemorrhagic septicaemia, COW ......2.5.ecccc sees Tiiea tne 3 
Hemorrhagic septicaemia, sheep ..........0.% Bonk se tyk Uta Seay « 
Herpes tousnrans: cabit ct: 7.00508 Ct ae pe efit, Sprite Ble weske 1 
Hog cholera ...... ne ca Sree a a etated hats Gree ha aie, yas vase ACE 2 
indurative. pneumonia, horse... 262832 2 a Aegsen | 
Lobar pneumonia, calf ........ Se ie. a Et a ee 1 
bobar. pneumonia, hog ... 6.) 2 issn toy ede Oe Jak 
Melano sarcoma, leg of dog ...... ies ess Pee aEe Serna t oy se «5 5 
Oesophagostoma, Columbiana, sheep ..... ee ID Matas o 3 eee. 
Eapilomea, HOTSE 3.5 j0% . 26 See eee igs hare Ee ae ce ee 1 


Parle MOUUIEN, ILCOLIIG OL Ie me tee, oo wc ee ee ee ne 1 
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Polymorphonuclar leucocytosis, horse ...<. «ds. see eee 


Pulmonary tuberculosis, pig ........ 


Rabies; Gor cs Fa Sut. snes kee eee iS 5 


Pulmonary tuberculosis, ror i eee ge 
Sarcoma of neck, dog ....... Si Sete ies 
Sarcoma of liver, hog ...... aoe 
Sarcoma ‘or liver, Horse 27. «se aie erences 
Sarcoma,.tail Of "Ors wine eee so 
Sarcoma, of wep cal’ --Fvcacem ears 
Sarcoma, Noe wer os vee oe she setae see 
Sarcoma of oviduct, chicken ........ 
Sarcoma. tatlvok NOrse: 4.25 sj. se.« eae 
Sclerostoma equinum, horse ........ 
Stephanurus dentatus in kidney fat, 
Streptococci dermatitis, hog ....... 
Tubercular lymph gland, cow ...... 
Tubercular mesenteric gland, hog .. 
Thysanosoma actinioides, sheep ..... 
Verminous pneumonia, pig ......... 
Verminous pneumonia, calf ......... 


© @ 6 ‘0 6 ¢ ©. ©) 08 0 ee € 618 9) 6 eusuere 


hog 13 ace ee ae whee 


eee eee eee eee eee eee ee eee 


1 
i! 
4 
2 
1 
1 
i: 
1 
1 
2 
1 
1 
1 
i! 
1 
1 
1 
ii 
1 
1 


The manufacture of hog cholera serum was discontinued in the early 
part of the year just closing, at which time Mr. Robbins, who was in 
control of hog cholera serum work, was transferred to the Department 
of Anatomy. However, he has continued to have control of the distribu- 
by purchasers. He and Miss 
Wood submit the following financial report of the work for the year. 


tion of hog cholera serum as demanded 


FINANCIAL REPORT ON HOG CHOLERA SERUM PRODUCTION. 


Heed concentrated... 52 thre. creet sae 6 Galo 2's Soe os ER ue sie re cenees cia oe eS Eee $443 56 
Hay , Straw. and TOUPMage . sic cok che seencracot cial ooo cue Pot eee eee 18 94 
DS WANE 2, wise, wiser [arse hie mem erd miale hie od cette oie Sp yenabenogale ral eheleh oats Cue IC LLCO ROR ReTe LORS Et ee ae 283 81 
ADO. 30) we Src bo sitet eee whales Hie ae ME oe done ere ele Tee ae a ee 1,047 00 
Appatratus\and. Sundry items: ).. 95/08 sc sew ae eee oe enn ene oe ae 295 96 
OCA te ss hig ote atonal eee o Slates ne Gis eresee Stone wire = Rea otek e ole 5: Oe ee ee $2,089 27 
Actual receipts for serum and virus and outstanding accounts.....................-.. $1,357 30 
Receipts LOL DISH e+. specs, oad a. 5 Syoyste) alrear isis la ome Wadlase wratates sljet ome eeetell Ts taeie el ave erence ge ene ee cette 938 62 
Receipts for syringes, needJesiiand ‘ear tagsiik. a. Peers car cis se tena wlehere nveteveseneras as eieial siciaieaeiemene 23 80 
Malueof tested serum on hand jat lctpere. cae ae ee nee ee Cee eee tee 210 00 
Value ot, untested: serum onthand ati 3¢ Wer'GsG.-> 1s: , save saci e ee siege ere tale Ne rehetelo cena 455 00 
$2,984 72 
SERUM. 

‘Total number .¢.c; tested.serum’ onihand! July: AS 1Gh re a. no. aoe ae eee 203 ,000 
Notal number ¢:i¢: drawn and mixed Guring yeanes.-. sacs 2. cere ree cicie ee eee eee 44,000" 
ol C0) 1: ee ee Seman ee Serer ERE SS ne RRR RG COm a OA con cuSat. 247 ,000 
Total number cc. ‘sold: July. 1, W916) to; Tuly 1, WOUTae casi). 21cm che te iets eee 104,091 
Total number ec. c. used for testing and experimental purposes. ..............000e000% 5,000 
Total number’c..c: usedon-College herd) .°s02\.5) 15a eta cues oo co + bheiereis| alee ole Meena eet 11,855 
Total -number‘e:.c. mixed and tested onvhand (Jnly, 15 VOWS...) accents 21,000 
Total number ¢)ic.amixedto be-retested) va. s cesses ok caus wie oe ered oe ni eee 91,000 
Total number ec. c. lost: due to freezing and breakage. ..4.2) 2... 22 sn. . sesso ote eereel ener 14,054 
Total oss acc Sid Foes Be vee AOS Oe ed DRI Ae Dake HOTS Ree he) Oe 247 ,000 


Respectfully submitted, 


| mee bs HALLMAN, 


Associate Professor of Pathology. 


East Lansing, Mich., June 30, 1917. 
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REPORT OF THE DEPARTMENT OF ANATOMY. 


F. 8. Kedzie, President, Michigan Agricultural College. 


Dear Sir—I herewith make the second annual report for the Depart- 
ment of Anatomy. 

The work of the department has been entirely that of teaching. The 
following self explanatory table is based on thirteen, twelve and eleven 
week terms, fall, winter and spring respectively. 


pea: Credits. | Lectures. | Laborat’y.| Total. 
Fall Term: 
PATER UGTING phib stn Sire cio iets cet Me oe emis crete 25 4 26 78 104 
SAGO Yoh «ncuc0s, « ane eleewsgelonra shone teteaa'e. 25 4 13 78 91 
PATSEDOMLY OES scion oc ceute ea bee Me eee ee 18 3 26 39 65 
PRMD OUI Ar chante cote oe hE ree chee neo Ste. 6) 3 12 4 13 117 130 
| 
USOT ree Bar chev ayay PoP ee Ceara ee Re Bak 80 15 78 312 390 
Winter Term: 
REL ALOUELY LD pap. -cpotasnevere «Gye os arera.c Mathous 27 3 12 | 72 84 
FATAL OUNY 2 Dicks .c.0 o1s.0-c00s ee eR A rae 20 3 1 72 84 
PITRE O TINY, VEU cS oye StS oc Iohcie cree oie late © tie e ia 30 4 24 72 96 
PRU BIS en he ees tice: ares one ee it 10 48 216 264 
Spring Term: 
AMAL DING 1G -.ibe a5 Ss - Beek See eee ee 15 4 11 99 110 
AER COU 2G att ctv caavegonscis is eco exmtel ac eeaye > 25 3 | 11 66 id 
FRLIRGOHLY Polis phon eo ts tee wa oes 27 4 | 22 66 88 
| | 
OLAS ace ote is Le rsh no ne hoe eis ens 67 11 | 44 231 275 
ATIBEORNLY + LOS <5 trace pyal « aloes ate lal at Slave toe 3 Ae ae eee Ee 132 132 
CREAN LOLA. coer ne aioe re 225 40 170 891 1,061 


Since the spring term was of only six weeks duration it has reduced 
the total hours for the same from 275 to 150 hours and the grand total 
from 1061 to 936 hours. 

During the year three illustrated lectures on poultry subjects were 
given by myself, two at the Poultry Roundup and the other one at a 
meeting of the Veterinary Association of Comparative Medicine. 

I received from Dr. 8S. Sission, Chairman of the Committee of the 
American Veterinary Medical Association, on the Revision of Anatomical 
nomenclature, an invitation to participate in its work which would be 
of mutual benefit to this institution and to myself, but the heavy teaching 
work of the department made it impossible to accept the same. 

During the fall term help for the Department of Anatomy was asked 
for and Mr. Robbins was transferred to it and while his activities were 
limited because of his little training in anatomy, he has nevertheless 
rendered valuable assistance in the preparation of material for dissection 
and laboratory work. I regret his dismissal. 
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The above clearly shows the need of additional help in the teaching 
of anatomy and is indigent to its development and attainment. The 
need of a full time assistant is real. 

In the 1916 report for this department mention was made of the in- 
adequate and unsuitable room allotted to anatomical work and to the 
development of a museum of anatomical material. That condition 
still obtains. Need for a building to house the anatomy and pathology 
work of this institution is urgent and warrantable, a structure similar 
to the two story engineering shop but having three floors at a cost of 
about $35,000, would repay many times its cost to the state. 

Yours truly, 
FRANK W. CHAMBERLAIN, 
Associate Professor of Anatomy. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF BACTERIOLOGY AND 
HYGIENE. 


President F. S. Kedzie. 


Dear Sir—The most notable event in the work of this department 
during the school year has been in connection with our relations to the 
Division of Home Economics. Extensive alterations have been made 
in the students’ laboratory for the accommodation of about one hundred 
additional women students in our first laboratory course in bacteriology. 
We are so impressed with the results of the five credit lecture course 
for women in place of the two credit courses throughout the year that 
we strongly advise that men students substitute a similar five credit, 
one term course for the two credit courses extending throughout the 
year. This would be in the interest of economy and efficiency. 

Assistant Professor Northrup reports on the laboratory instruction 
as follows: 

“The instructional work under my immediate supervision comprising 
courses 2, 3, 4, 11 and 23 was carried on by Mr. W. L. Kulp and myself 
during the summer and fall terms. At the end of the fall term Mr. 
Kulp resigned, and Mr. F. W. Fabian took his place, assuming his duties 
the first of January. Although the winter term presented the hardest 
work and the most problems to solve, Mr. Fabian proved himself capable 
of meeting the various situations, and successfully instructed in courses 
2 and 4. 

“This winter term marks the first required laboratory course in 
bacteriology in the Home Economics course since the year 1904-05 and . 
its institution placed before us certain problems most of which were 
due to lack of room, and equipment, or to an inability to utilize to 
advantage that which is furnished, either from poor arrangement or 
poor quality of material. With the institution of this new course 
it will be mandatory to have new laboratories and additional instructors 
soon if the tabulated. increase in enrollment in the Home Economics 
Division continues proportionately. It is unfortunate that Course 2 
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is required of the junior veterinary students also in the winter term, 
since students who wish to elect Course 2 or advanced courses in bacterio- 
logical laboratory work may not do so on account of lack of desks and 
equipment. This condition was serious enough this past winter term to 
affect the enrollment in all courses; with some students it will mean 
failure to enroll at any future term. Effort should be made to meet 
this situation at a not too far distant date. 

“The work done this spring term proved very unsatisfactory on ac- 
count of the shortened term. Many students electing laboratory courses 
in this department expressed their regret at not being able to take all 
of the work outlined in the term’s program. Probably due to existing 
conditions other students failed to do their best. 

“During the spring term, I have had a graduate student in Course 106, 
Plant Bacteriology, under my supervision. Although not accomplishing 
a great deal, many interesting points were brought out in the special 
problem.” 

I can commend the work of Miss Northrup and Mr. Fabian very highly 
and can assure you that they have worked under great difficulties both 
as regards limitations in material equipment and instructional as- 
sistance. 

Mr. L. H. Cooledge reports on his teaching work as follows: 

“One-third of my time during the past year has been given to teaching. 
During the eight weeks short course I gave daily lectures to twenty-five 
dairy short course students. 

“Course 17, Dairy Hygiene, was given during the winter term to twelve 
senior veterinary students. We were greatly handicapped in this course 
for lack of laboratory room. 

“In the spring term I gave the laboratory work in the Course Dairy 4, 
to thirty-four senior dairy students. Lack of laboratory room made it 
necessary to give this work in the Dairy Building. 

“During the fall and winter terms I had two graduate students and 
during the spring term one. Mr. L. R. Jones has been working on, 
“A Study of Many Strains of Streptococci with Special Reference to the 
Streptoccoci Isolated from Cases of Bovine Mastitis,” and Miss May 
Person has made considerable progress on a project entitled “The Care 
of Milk in the Home.” 

It would seem advisable to make different arrangements relative to 
the part played by this department in the teaching of Dairy 4, Market 
Milk. The preparation of the students taking this course so far as 
bacteriology is concerned is so diverse that it is almost impossible to 
outline a course satisfactory to all. Mr. Cooledge is each year proving 
his ability as a teacher. 

Mr. C. W. Brown has had charge of two post eraduate students work- 
ing respectively in Fermentation Bacteriology on, “A Study of Food 
Fermentations Including the Fermentation of Sauerkraut and the Spoil- 
age of Canned Foods ;” and in Dairy Bacteriology on, “A Bacteriological 
Study of Buttermaking from Gathered Cream.” 

Under the direction of Mr. I. F. Huddleson there have been two men 
taking post graduate work on phases of the bacteriology of the repro- 
ductive organs of cattle. 

Mr. Manuel Justo, one of these men, came to us from Porto Rico. 
He has submitted a very excellent thesis on, “The Comparative Study 
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Between the Normal Bacterial Flora of the Udder and that of the Genital 
Organs of the Cow.” 

Hr. H. J. Stafseth has also had charge of one man in graduate work. 
Mr. J. A. Barry has done very acceptable work summed up in a thesis 
entitled, “Studies of Bacillary White Diarrhea of the Domesticated 
Fowl.” 

It is quite clear to me that the relationship borne by our research 
men to the students taking graduate work is of mutual benefit to the 
parties concerned. It also helps to furnish a valuable connecting link 
between the College and the Experiment Station. Many writers and 
speakers express the conviction that in a university there must be re- 
search, but in a college its absence is not fatal. We are not under 
the necessity of considering this question in the abstract; for us it is 
settled by the presence of our Experiment Station and our Graduate 
School. We consider it fortunate for the undergraduates and for the 
teaching force. The spirit of our research men must be commended 
highly, for their attitude toward the graduate, and even undergraduate, 
students leaves nothing to be desired. 

Mr. Stafseth has also taken charge of the Pathogenic Bacteriology 
(Bact’y 19) required of veterinary students but also elected by students 
in Agriculture and Home Economics and by Graduate students. His 
success in this work has resulted in his appointment on the regular staff 
for next year. - 


For the year 1916-17 the following number of students have been en- 
rolled in this department: 


a Total 
Number of course. Snr! Fall. Winter. Spring. for 
ei. ‘year 
Le meee ae ieee ye eee neon apes etree ot chee Stas laste! Sh agape: Porters ae oa RAS POISON o's o at 
LE Were a ete TONE Aack Hexic: cee meRORe Hs Caionose AR eet 5 AUN Weal Ree eRe |i Reiser bec 20 

(i he PRA aaa A a ech erate oe ar cee Bil naan ee 182s ode 190) poe 

II Chahs serenade aa NACo gseRlnen Dickal oom asa M,C ors Mee opalepeen | Atoms, ata cheater 184 | 191 
AG den Ra ny tes haret Hes RiGee sere eye ees 6 41 93 37 177 
BNE es gs ps) Ac! eNO, Stee Neils Moclapale ndereo diets 6 10 18 16 50 
Or stig Ab Paice acl Au Segal AR ea AA ne eee aos 3 9 8 13 33 
IS eee he GCap’ ENeRs ertan ie cect heron erat 5 CASI eta ePoner rote fe | lela Dole Dees 80 
DAE e re EE. Rlaiyaqarar sal cuavaidon geedor tte (a amoke sib 6) Iebe wianeren e toleedel || Rotate HO Reece een 40 40 
UTR, a Ssh rans, See conay Tyiopronge tenet apts onsak se secbor ol |e evreh Seteals Pek MONA | eo es tener oe LUA eS Caciens bly 12 
Oe a ia ra Rare eee ON a feincciir RE aera eet Sti) aul henl bas Batibo AiO 1 leit eewca rece 15 
ha Pe Otte ERROR RO ROIS OAR OE Re ancl Eee ned o| x oor Br Sita eaenee 3 
AU Bios eevee ences oy encusr ated ayeue thaeoe Xo aoe tanec ade 1 bal reer ESD >, 4 
TOA pans he aces are eohatey ae aise lo oe gel Wate Conc ee onal Seen at areleanaes 1 Le ss oat 2 
IOs Aes cee ars BeOS CITC eeStO cna Gee OEE ok 5 a 2 17 
LO Gi Nace crevera rset ie crater Peter stere e phanenel ema tele 11S Petit Aer accor hel (Oana Sent ene 1 2 
ID Fey hey ee Gi ey elieytah YOULL O lee steven fad Catto ose lenbemioey mitoterg |g cuca cr.c cliMeatotoacuen. 0 23 34 34 
MOUAIS. tetas tctetemeen we er ep ket tes Ange 46 448 340 327 1,161 


*Course 1 a five credit subject given in the fall and summer terms is comprised of five lecture or 
recitation hours a week and is required of sophomores in the Home Economics course. It is a 
combination of courses la, 1b and 1c and was introduced as a prerequisite to Course 2 for sophomore 
Home Economics students. 
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The following is an itemized list of the number of cases cared for in 
and the expense of conducting the Detention Hospitals for the year 
ending June 30, 1917, exclusive of cases in the General Hospital, no 
reports of which are received: 


Cases No. 
SS Cann te MEV OB ai caine te ws bis ociavapees Bu atevecel a at aPe sa aslo! ait a)'m a0 one 3 
AVEDA DSF Serer! Ole ds aes kocla ae ae ee gle oO ho. e aayetangvara ws 10 
PP OMSRIELASe HAAn eA seh OL gh eicia ebayer tarde Sreida sitte o talersMeaele tate ta 4 
TB Joy yin eS uia le DR Pare Ps ee Ea A ea acti Pacem ei 2 
SII HU 2 6) 0b <9 coe arch ick eras en Ioes PAR leetde everest a een eres 2 
OLIGT i Ee Gt dihaiee Geter ne seks iat a i eins Coa ir ish ear it 
PNCUIMTEDGIS Ihe MORES ey tavahacr ose ae ahs Steen See a elste D oaketaie ters « 1 
AC TAIMMANES ITI Sth ete Ante Steel che a ,o ordi we 8's sie we ater e 1 
rare CNG eMamee ers.) lockers oc sa cls © oye anne ata este, s 17 

AO hn eee eR yaa le orate Sheva ahalu rene te Me apa Pare coke cl 


HXPENSES. 


Wreisngerel part fae hes eee ate eee ee oe 6 aoe OaeEOU 
TREE SES IES ee eis Ce ee ea Oe peepee ene domeiee wae e om 1,839.86 
MCCUE A sirherait ato biatere sore apie wie cutts ayers ale Hew a\ate 715.76 
POC ERP ete oi SO aha nial sh aleaate: OE apo eiain weet yo tot 308.43 

ABO alesis eile ents Stites Ot litle At atates Suis = <a pOdGOe 


Our hospital system as well as our general method of supervising 
student health is not satisfactory from the standpoint of system. That 
we manage to blunder through each year without any great disaster 
hardly excuses our shortcomings. Our system should have in mind not 
only the restoration of student health but also its preservation; also we 
should utilize our system for educational purposes. Each student should 
become so impressed by our method of handling the student body both 
in health and in disease that, as a matter of habit or second nature, he 
applies or tries to apply such methods in his work and in the community 
where he establishes himself. I am sure that, as an educational institu- 
tion, we are losing a great opportunity to play a big part in the physical 
redemption of the race. 

Our most urgent needs are: The physical and medical examination 
of all students at stated intervals, a full time medical adviser, a capable 
head nurse for our hospitals, and a General Hospital costing from 
$10,000 to $20,000. 

Our success in handling the outbreaks of infectious diseases this year 
are due in large part to the activities of Dr. Oscar Bruegel. Mr. Penner 
and Mr. Lutz have assisted greatly. We are all very grateful to you for 
your assistance and hearty cooperation in all the activities of the depart- 
ment during the year. 

Respectfully yours, 
WARD GILTNER, 
Professor of Bacteriology and Hygiene. 
East Lansing, Mich., June 30, 1917. 
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REPORT OF THE DEPARTMENT OF BOTANY. 


President F. 8. Kedzie, College. 


Dear Sir—I have the honor of submitting to you herewith the report 
for the Department of Botany for the fiscal year ending June 30, 1917. 

The teaching force has been nearly the same as for the preceding year, 
viz.: Ernst A. Bessey, Ph. D., Professor; Richard deZeeuw, Ph. D., 
Associate Professor; Henry T. Darlington, M. 8., Assistant Professor; 
Miss Rose M. Taylor, M. A., Miss Bertha E. Thompon, M. A., Edward F. 
Woodcock, Ph. D., Harry C. Young, M. S., Instructors; Paul C. Kitchin, 
B.S., and Walter K. Makemson, B. 8., Graduate Assistants. In addition 
to these George H. Coons, Ph. D., Research Associate in Plant Pathology, 
and Rufus P. Hibbard, Ph. D., Research Associate in Plant Physiology, 
in the Experiment Station have devoted about two-fifths of their time 
to teaching their respective subjects in this department. 

We have lost the services of the following: George R. Johnstone, In- 
structor in Botany, who resigned at the close of last summer to go to the 
University of Chicago to pursue his graduate studies further. He leaves 
a very good record for efficient and willing service during the three years 
he was with us. Mancel T. Munn, Graduate Assistant, completed his 
graduate work last summer and returned at the beginning of September 
to his old position as Assistant Botanist at the New York (Geneva) 
Agricultural Experiment Station. I take opportunity here to express 
my appreciation of his faithful and efficient services during the year he 
was back with us. Mr. Johnstone was succeeded by Mr. Young and 
Mr. Munn by Mr. Makemson. 

Thanks to the leave of absence given her by the Board of Agriculture 
and to competent medical attendance Miss Thompson had so completely 
recovered her health that she was able to conduct her work this past 
year with all her old zeal and efficiency. 

The number of students taking botany showed a considerable falling 
off in comparison with the attendance for the preceding year. This 
falling off occurred in the number of freshmen agricultural students 
and was due to the smaller freshmen class this past year. Except for 
a very slight drop in the fall term the number of students taking the 
elective courses in advanced botany shows a considerable increase. The 
figures for the past year are as follows: 


Summer Term, 1916"... . sa. ak sits et eee ee 24 
Fall Term, 1916—Freshmen Botany ............02.008 234 
Other ;undergraduate * COUDSES:: 2.0.5 04.55). . eee 151 
Postgraduate }(MajOr). isd f. kee ae oe 5 
Short -Cowmrse i.- a8. iii} Hacc erases beeen ee 60 
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Winter Term, 1917— 


Pines nmin OCR i aie laids al aieheibe ana jhe bovietis ¥ 4% oleh 35 <.eid ede 221 
Other undergraduate; COUPSES, ..2 2.6. 66 cee eee e ede 1035 
POSES rad Wate y. CNIAIOL 5 Fass 3p 2 5. 5 jek aad oA S20 | w Alden di diel Slit 5 
Short. COURSE A: Suite mil aa iS aoc oe. Siam babe ete aed d Sipe see 15 

344 

Spring Term, 1917— 

BeeghmenisBotamye da. seid alah ees he wie dl Sage fe ois leraete 188 
Other-undergraduate: Courses 055... 2eisee's aes oes ies 57 
Post grad ta teat iwiacar. angnaentsnisa fascist. brstcedioe 3 

248 


Where in the same subject a student takes his lectures and laboratory 
work under different instructors or in different sections he is counted 
but once in the foregoing tables. 

Failing to obtain any “action on my recommendation made every year 
now for “the last five years that the roof of the Botany Building be 
raised so as to make a complete third floor, thus adding about thirty 
per cent to the available laboratory space in the building, it became nec- 
essary to make over the northeast basement room of the old part of 
the building for a laboratory to be used by advanced students. This 
room has many disadvantages, in particular the fact that the windows 
are so small and high up in the wail that the light is poor and artificial 
illumination has to be used all the time. 

The southeast basement room of the older part of the building has 
been opened through to the newer part of the building as well, and fitted 
up for a stockroom for glassware and chemicals. Although not as light 
or convenient as could be desired it is however, a great advance over 
previous conditions. 

In pursuance of the policy inaugurated by the Board and carried 
out in naming the buildings on the campus it seems to me that no finer 
tribute could be paid to my predecessor than to give his name to the 
Botany Building, perhaps calling it the Beal Botanical Laboratory. 
Dr. Beal has devoted the best part of a long, useful life to the interests 
of this College and has gained nation and world wide“recognition in 
certain lines of botany and would surely appreciate such a tribute given 
him while still living, far more than all the praises that might be 
expressed at the occasion of his funeral. 

As far as the limited funds and time available admitted work has 
been pushed on the Flora of Michigan. In this work Assistant Pro- 
fessor Darlington has carried on the greater part of the studies. In 
company with him I made another collecting trip down the whole Mus- 
kegon River valley in August, 1916. We started at Higgins Lake, stop- 
ping for three days at the State Forest where we were the guests of 
Mr. Marcus Schaaf, to whose hospitality was due the opportunity to 
make some very valuable collections. From there we went to Michelson, 
Houghton Lake, McBain, Temple, Farwell, Evart, Hersey, Big Rapids, 
Newaygo, where we visited Hess Lake, Fremont and Muskegon. At 
Fremont we were assisted very materially by Keats Vining, teacher of 
botany in Fremont high school, who piloted us among the chain of 
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lakes lying northeast of the city. During the trip nearly 1,100 numbers 
were collected and many important data obtained as to the limits of 
distribution of many species of plants in that part of the state. 

The Herbarium and Botanical Garden have been under the immediate 
care of Professor Darlington, who has devoted himself to them and has 
not counted the hours or days necessarily devoted to these time-de- 
manding objects misspent, if he could obtain good results. I quote a few 
paragraphs from a brief report which he has made to me for the purpose. 

“Outside work in connection with the Botanical Garden lasts for about 
six months or about from April 15 to October 15. This consists of 
my own labor and the general supervision of additional help. During the 
latter part of the fall and part of the winter, I spent a large part of 
four months in organizing the beds and preparing planting plans for 
the spring. During September I visited the following botanical gardens 
in the East with a view to getting new ideas: Botanical Garden, 
Washington, D. C.; New York Botanical Garden; Harvard Botanical 
Garden; Arnold Arboretum; Bartram Botanical Garden, Philadelphia ; 
Botanical Garden, Smith College; and Waugh’s Garden, Massachusetts 
Agricultural College. 

“In March I made a detailed report of the needs of the Garden. In 
this I called attention to the need of more labor, more plants to fill 
up the vacant spaces and the desirability of having greenhouse space 
during the spring. Thanks to your cordial support, progress has already 
been made along some of these lines. 

“Herbarium. My work in connection with the Herbarium and identi- 
fication of material occupied a large part of my time during three winter 
months. Upwards of a thousand specimens were collected during our 
survey of the Muskegon Valley last summer. <A large proportion of 
these have been labeled and they will form a valuable addition to that 
part of the Herbarium devoted strictly to the plants of Michigan. 
This portion of the Herbarium was rearranged and conforms to an index 
which was prepared, giving the location of each family. Plant distribu- 
tion records were made under my direction. These cover our state 
material through all the families up to and including the Cyperaceae.” 

We have continued to sell at cost the collections of weed seeds and of 
plant diseases to the various high schools of the state. These have 
proved to be very helpful to the instructors in botany and agriculture 
in these schools. The price charged for these sets covers merely the cost 
of material and of hired labor, not the hours of time put in in planning 
and supervising the work. 

Three more graduate students majoring in botany have received their 
M.S. degrees. M. T. Munn completed all of his required residence work 
by September 1, but his other work at the New York Experiment Station 
prevented the completion of his thesis until May of this year. The title 
of his thesis was “The Botrytis Neck Rot Disease of Onions.” D. A. 
Seeley and P. C. Kitchin completed their residence work and submitted 
their theses with the close of the last college year. Their thesis titles 
were respectively: ‘The Climate of Michigan in its Relation to Agri- 
culture” and “The Relation between the Structures of some Coniferous 
Woods and their Penetration by Preservatives.” W. K. Makemson has 
been investigating the Cladosporium disease of tomatoes and will have 
completed the required residence by September 1. The work of Herdis L. 
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Lewis on the Blackleg of the Potato and of Raymond Nelson on certain 
celery diseases was interrupted by their withdrawal to accept positions 
elsewhere. Mr. Nelson left to become plant pathologist for the Illinois 
Central Railroad. 

The Botanical Seminar has continued to hold its bi-weekly meetings 
in the Botany Building as in previous years. The membership of this 
organization is limited to advanced students in botany who must pass 
a very stiff examination before they are admitted. The Sem. Bot. as it 
is usually known has proved to be a valuable auxiliary to the teaching 
and investigational activities of the department. Their annual public 
address this past year was delivered by Professor L. H. Pennington, 
of Syracuse University, on “White Pine Blister Rust.” 

Several members of the departmental staff gave papers before the 
Michigan Academy of Science at its meeting at the close of March. 
Dr. G. H. Coons was chairman of the Botanical Section at that meeting. 

Respectfully submitted, 
' ERNST A. BESSEY, 
East Lansing, Mich., June 30, 1917. Professor of Botany. 


REPORT ON THE WORK OF THE SEED LABORATORY. 


President F. S. Kedzie, College. 


Dear Sir—The state seed law is, as you know, administered not by the 
Michigan Agricultural College but, under the direction of the State 
Board of Agriculture, by “inspectors, assistants and deputies.” Under 
this provision of the law I was designated by the Board to be in charge 
of the work and Miss Bertha,yA. Hollister was appointed seed analyst 
in immediate charge of the work under my general supervision. Ac- 
cordingly I am submitting as the main part of my report the report 
which Miss Hollister has made to me. 

May I veuture to ask that the request made by Miss Hollister for 
500 reprints of this report be granted? We have need to keep the 
seed dealers of the state informed upon the affairs of the Seed Laboratory. 

When the present seed law was passed by the legislature in 1913 
it was in many respects the best law of its kind in the country. It 
embodied many of the principles now contained in the proposed model 
seed law recommended jointly by the Association of Official Seed 
Analysts of North America and the Seed Trade Association. I believe 
that it will be well for seed dealers and others interested in maintain- 
ing a high degree of purity of seeds in this state to put themselves in 
touch with this proposed law and to consider it from all angles, with 
the idea of having some action taken by the next legislature should it 
seem desirable at that time. One proposition, especially, that of having 
germination tests will greatly increase the work of the laboratory should 
it be made a part of the state law and would necessitate a considerably 
larger appropriation than is now available under the present law. 

Respectfully submitted, 
ERNST A. BESSEY, 
é . In Charge, Seed Laboratory. 

East Lansing, Mich., June 30, 1917. 

19 
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Dr. Ernst A. Bessey, East Lansing, Michigan. 

Dear Sir—lI respectfully submit the following report of the work of 
the Seed Laboratory for the year ending June 30, 1917. May I suggest 
that a request be sent in for five hundred separates of this report, so that — 
it may be distributed among those in the state who may be interested. 

Yours very truly, 
BERTHA A. HOLLISTER, 
State Seed Analyst. 


REPORT OF THE SEED LABORATORY. 


As in previous years the laboratory has made tests of various kinds 
of field seeds for the farmers and dealers in the state. In addition to 
the purity tests made, a number of samples were tested for germination 
and a number were identified. 


LABORATORY EQUIPMENT. 


At the present time, we have in the laboratory one Vertical Air-Blast 
Seed Separator, one Binocular Dissecting Microscope, one Seed Mixer 
and Sampler, one Torsion Balance with weights, three working boards, 
three triple aplanat magnifiers of six diameters, and two of nine 
diameters, forceps and glassware necessary for carrying on the work, and 
a set of file cases which includes a filing case, made to our order, capable 
of holding six thousand specimens of seeds. 


SEED COLLECTION. 


At present the seed collection numbers a little over four thousand 
samples. Seventeen hundred of these came from Henning of Germany. 
Five hundred were sent out by the United States Department of Agri- 
culture. One hundred were included in the Halsted collection, and a 
great many have been received from botanical gardens in different parts 
of the world, such as Bremen, Petrograd, Moscow, Sydney, East Java 
and Berlin. Occasionally during the year we receive samples from other 
sources. This year we are indebted to Mr. Edw. E. Evans of West 
Branch, for authentic samples of several varieties of soy beans, of the 
varieties well adapted for Michigan. We are also indebted to the 
Portland Seed Co., of Portland, Oregon, for samples of flower seeds, 
over a hundred in number, which will be of great help in making identifi- 
cations. As seeds are sent in for identification, they are added to the 
collection in all cases where there is not already a sample, or where 
the sample already in the collection is of foreign origin. 


PURITY TESTS. 


The samples received are obtained in one of the following ways: 

(1) Sent in voluntarily, by farmers and dealers. The majority of 
samples tested are those sent in voluntarily. The number coming in 
this year was twelve hundred, approximately the same as last year, about 
half coming from farmers and the remainder from seed dealers. There 
is still some misunderstanding on the part of the farmers with regard 
to the fee of twenty-five cents which is charged for testing each sample, 
it not being generally known that this is required by the state law. 
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(2) Collected by inspectors. Owing to the fact that the seed in- 
spection work, for lack of adequate funds, had to be carried on by 
the fertilizer inspectors, the greater part of whose time was devoted 
necessarily to the fertilizer work, they were instructed to take samples 
only where the required labels were lacking, or where the seed even 
though labeled, appeared suspiciously foul. The number of samples taken 
was accordingly small, since a large part of the seed offered for sale 
by the smaller dealers was provided with the proper labels by the whole- 
saler, and the remainder was largely labelled by the retailers them- 
selves. Furthermore, the time of year in which the fertilizer inspectors 
were making their rounds, does not coincide with the period when the 
pulk of seed is on sale. It would seem desirable to have inspectors who 
could devote their whole time at the proper season, to seed inspection, 
but with the present limited appropriation this is impracticable. 


RESULTS OF PURITY TESTS. 


The seed this year seemed to be of much better quality than that of 
last year, although I still find a great deal of the brown soft seed in 

red clover so common last year. This does not seem to be a general 
‘condition over the country, as inquiry of other seed analysts indicates 
that they have found very little of it. The Federal authorities have been 
working on the problem of imported seed and I did not find much this 
year that seemed to be of foreign origin. 


WEED CONTENT OF SAMPLES TESTED FOR PURITY. 


The seeds found as contaminations of crop seeds did not show much 
variation from those of last year, except that a few such as Wild Carrot, 
are becoming much more common. 

The weed seeds most often found in red clover seed are as follows: 

Ambrosia elatior—Ragweed. An annual, native to this country. The 
seed, which is slightly larger than red clover seed, is ight brown in 
color, somewhat pear-shaped, tapering to a point. The surface is ridged, 
with the ridges terminating in teeth. These may vary in number or 
be entirely absent. If the outer hull is broken off, on account of hand- 
ling, it discloses an inner hull, darker brown in color and smooth. When 
seed is put through a machine it may, have this inner hull removed and 
then will appear light green in color, almost round, with a point at 
the base. All three forms are found in commercial seed, but only the 
two latter will be found in cleaned red clover. It is rather hard to 
clean out. A field badly infested with this weed Should be put under 
three-year rotation of crops, and the land should be thoroughly culti- 
vated or mowed as soon as the crop is removed in the fall. This weed 
is disliked by cattle either in pasture or hay, as it has a disagreeable 
taste and odor, and if present in large quantities will taint milk. S179* 
W216. 

Chenopodium album—Lamb’s Quarters, or Pigweed. An annual, intro- 
duced from Europe. The seed is about the size of alsike clover seed, 

*Many of the weeds described in this report have been illustrated as to their seeds in 
Bulletin 260 entitled “Seeds of Michigan Weeds,’ while the weeds themselves are illustrated 
in Bulletin 267, revised edition. Both of these are Michigan Agricultural College, Experi- 
ment Station Bulletins. References to these illustrations are indicated by S for the seed_ bul- 


Sees and W for the weed bulletin, the number following the letter indicating the figure 
number. 
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and is circular in outline, and flattened, both sides being more or less 
convex. The seed is sometimes enclosed by the dried remains of the 
five sepals of the flower, but these are often absent. The seed is either 
dark gray or black in color, and is occasionally found with the hull, 
or part of it, removed. It flowers from the first of June until frost, 
and is very widely distributed, occurring in most crops. It may be re- 
moved from red clover seed by careful screening. S 46 W 48. 

Amaranthus retroflexus—Rough Pigweed. Annual, introduced from 
tropical America. The seed is highly polished, jet black, or occasionally 
reddish black, about as large as the seed of Lamb’s Quarters. It is 
almost egg-shaped in outline, much flattened and convex on both sides. 
It is a very heavy seeder, but may be suppressed by preventing seeding. 
S58 W 62. 

Chaetochloa viridis—Green Foxtail or Pigeon Grass. An annual, intro- 
duced from Europe. The seed is oval in outline, a little pointed at the 
tip end, with the outer scale folded over the polished edges of the inner 
scale. It is somewhat smaller than red clover. It is very variable in 
color, depending on the degree of ripeness. It ranges from yellow 
through gray and brown to nearly black. When the hull is removed it 
leaves a light green kernel. It is somewhat lighter in weight than red 
clover seed, and some of it may be fanned out of red clover. Any 
practise which will prevent it from seeding will eventually eradicate 
it. It is one of the commonest weeds in the state. S 24 W 10. 

Chaetochloa glauca—Yellow foxtail. The seeds are similar in appear- 
ance to green foxtail, but are much larger, and therefore easier to clean 
out of red clover. S 23 W 11. 

Cuscuta spp.—Dodders. This plant is a parasite, mostly pale yellow in 
color. Many of the varieties were introduced from Europe. 

The seeds are dull and vary in color from light brown to very dark 
brown. They are minutely pitted and are mostly broad oval in shape, 
a little smaller than red clover, except one or two species which are 
about the same size. The only thing to be done when an area is in- 
fected with this vine, is to cut it out and burn it. The seeds will 
ripen if the cut plants are left along the roadside or piled in a corner 
of the field. S 144-8 W 165-0. 

Daucus carota—Wild Carrot. A biennial, introduced from Europe. The 
seed is light green in color, about the size of a red clover seed and 
oval in shape. It is flat on one side and convex on the other. On the 
convex side are a number of ridges, some of them terminating in long 
spines, which are easily rubbed off. This plant is spreading rather 
rapidly in Michigan.: S 138 W 156. 

Echinochloa crus-galli—Barnyard Grass. A native annual, found in 
warm regions. The seeds are similar to those of the pigeon grasses only 
a little more pointed, and light gray in color and very shiny. They 
are about the same size as those of yellow foxtail. Not of great conse- 
quence except where there is considerable moisture. S13 W 12. 

Panicum capillare—Witch Grass. A native annual. The seeds are 
elliptical, gray in color and very highly polished. They are much smaller 
than those of red clover and should be easily cleaned out by fanning. 
= el Bea ge 

Plantago lanceolata—Buckhorn, Red Ripple, Rib-grass, Narrow leaved 
Plantain. Naturalized from Europe. Either biennial or perennial. 
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The seeds are about the same length as red clover seeds, and a little 
narrower, resembling a canoe in appearance, with both ends rounded. 
They are brown in color and very shiny. It is very hard to separate 
the seeds of this weed from those of red clover. There are several ma- 
chines on the market for this purpose, but in most cases a considerable 
portion of the red clover is sacrificed in the process of cleaning. S 173 
W 196. 

Plantago rugelii—Rugel’s or Black-seeded Plantain. Perennial, native 
to this country. Seeds irregular in shape, flattened and black. Slightly 
smaller than red clover seeds. Common in Michigan. S$ 175 W 197. 

Persicaria persicaria—Lady’s thumb or Smartweed. Annual, intro- 
duced from Europe. Slightly larger than red clover seeds. Seeds ovate, 
somewhat heart-shaped, pointed at tip end, jet-black, shining. They are 
usually elliptical in cross-section, but may be three angled. Rather 
common, but not of itself a serious weed. It does more harm by harboring 
insects which may do great injury to the crop. The plants should not 
be allowed to seed. By cutting several times a season for two or three 
years, it may be eradicated. .S 37 W 38. 

Rumex crispus—Curled, bitter or Yellow Dock. Perennial, introduced 
from Europe. Seeds mostly sharply three-angled, reddish-brown, shin- 
ing. Very common. All seed-bearing plants should be destroyed before 
cutting the clover. They may be pulled up easily when the ground is soft 
after arain. Salt applied to the crown will destroy the root. S41 W 41. 

Syntherisma spp.—Crab Grasses. Annuals, introduced from Europe. 
Small crab grass seed is somewhat shorter than red clover, brown to black 
in color after rubbing. The outer scale as long as the seed. Sil W 24. 

‘Large crab grass is a little longer than red clover seed, and more 
slender than the seed of the small crab grass. Light to darker green in 
color. The outer scale only half as long as the seed. S i2 W 25. 

Some of the seeds found, in red clover also occur in Alsike clover. 
Among these may be mentioned Pigeon Grass, Lamb’s Quarters, Curled 
Dock, Buckhorn, and Rugel’s Plantain. Aside from these, there are 
a few others which are very common, which do not occur in red clover 
to any great extent. 

Cerastium vulgatum—Mouse-ear Chickweed. Annual or biennial. In- 
troduced from Europe. Seeds ovoid to nearly circular, flattened, covered 
with tubercles, light reddish-yellow to dark reddish-brown. Seeds very 
small. Often found in lawns. May easily be screened out of alsike 
clover. S 63 W 70. 

Lepidium spp.—Pepper grasses. Native, annual, and winter annual. 
Seeds about half the size of red clover seeds. Somewhat egg-shaped, 
reddish-yellow to reddish-brown. Flattened, with a groove down the 
center. Mucilaginous when wet. Heavy seeder. S 92-95* W 100-104. 

Medicago lupulina—Black Medick or Yellow Trefoil. Annual, intro- 
duced from Europe. Very common in Michigan. Used for forage in 
Europe, but undesirable as a contaminant of other seeds. Seeds inclosed 
in a black, oval, strongly veined pod. The seed is greenish yellow in color 
and somewhat kidney-shaped, with a tubercle near the middle of the 
concave side. Varies somewhat in size, but usually a little larger than 
Alsike clover. Matures earlier than Alsike or red clover. S 108 W 119. 

*The illustrations Figs. 91 and 92 have been interchanged. Fig. 92 belongs with the de- 


scription for Apetalous Peppergrass, and Fig. 91 belongs to the description of Field Pepper- 
grass, 
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Plantago major—Common or Broad-leaved Plantain. Perennial, in- 
troduced from Europe. Seeds about the same shape as those of Rugel’s 
plantain, only much smaller, and lighter in color. Can easily be screened 
out, unless the pods remain whole. S 174 W 198. 

Potentilla monspeliensis—Five-finger or Cinquefoil. Annual or bi- 
ennial, native to this country. Seeds unsymmetrically ovoid, or kidney- 
shaped, somewhat flattened, nearly white to light brown in ‘color. The 
surface of the seed is plainly marked with several longitudinal curved 
ridges. These seeds are very small. 8 105 W 116. 

Rumex acetosella—Sorrel. Introduced perennial, The seeds are three- 
angled, brown and very shiny, about the same size as those of alsike 
clover. Often found with the veined calyx divisions still attached. Oc- 
casionally found with the hull removed, when it is still three-angled, 
but almost white in color. Common on sour soil. The seed is very dif- 
ficult to remove from alsike clover seed. S 40 W 40. 

Silene noctiflora—Night-flowering Catch- fly. Annual and winter an- 
nual. Introduced from Europe. The seed is round kidney- shaped, cov- 
ered with tubercles. It is gray in color and about the size of alsike 
clover seed. It is very hard to clean out of alsike. The plant is ob- 
jectionable to live stock, whether as forage or fodder. Its presence in 
a field is most often due to having sown it in the seed. S 69 W 79. 

The only weeds occurring very commonly in Alfalfa are Russian Knap- 
weed, Russian Thistle and Dodder. The seed of the Russian Knapweed 
is about as large as Alfalfa seed and is white. It was introduced into 
this country in Alfalfa from Turkestan where it is native. At the latest 
reports, it has never been known to produce seed in this country. Its 
presence in Alfalfa indicates imported seed. 

Salsola pestifer—Russian Thistle. This is an annual, introduced 
from Russia. It is not a thistle, but is a tumble-weed, related to Lamb’s 
Quarters. The seed is cone-shaped, with a diameter about equal to that 
of Alfalfa seed. The covering is transparent, showing the long coiled 
embryo. It is often found enclosed in the hull, which has a frill at 
the broad end. Most commen in prairie states and not likely to become 
serious in Michigan, as the conditions are unfavorable to its rapid spread. 
S53) W 57. 

The weed seeds which are common in Timothy are for the most part 
the same as those found in Alsike, besides the following: 

Cirsium arvense—Canada Thistle. Perennial, native to Europe. The 
seeds are about the same length as the seeds of red clover, and a little 
smaller in diameter. They are long, brown and may be slightly curved. 
The apex is cup-shaped, with a tubercle in the center. It is found quite 
often in Timothy. The plant reproduces by seeds and rootstocks. As 
some seeds are not fertile, they will not all germinate. S 191 W 235. 

The weed content in a crop depends rather largely upon the locality 
where grown, and varies considerably, in various parts of the country. 
By examining the weeds in a sample, it is often possible to determine 
where it was grown. 


GERMINATION. 


Although the laboratory is not equipped for germination, I have made 
these tests when requested to do so. I have been using Petri dishes, 
with a small piece of blotting paper in each one. This has been a 
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fairly satisfactory method where only a few samples were being tested 
but would not be at all practical where a number had to be put through. 
Just at present I am carrying on an investigation of the germinators 
which are on the market. This is being done at the request of the 
president of the Association of Official Seed Analysts of North America. 
I have secured, at the present time, three of those manufactured, and 
hope to have more before the work is finished. The results of this in- 
vestigation will be reported at the next meeting of the Association. 


IDENTIFICATION. 


Each year samples of seeds come in for identification. In some cases 
samples of stock and chicken feeds are sent in, with the request for a 
list of the varieties of weed seeds present. In some of these were found 
seeds of Thlaspi arvense, Penny Cress, and Agrostemma githago, Corn 
Cockle, both of which are injurious to stock. A part of the samples 
also contained Ergot. 


OTHER WORK OF THE LABORATORY. 


Aside from the regular work of the laboratory, I tested samples for 
purity and germination for the referees of the Seed Analysts’ Asso- 
ciation. In spite of the fact that the germination method was very 
simple, my results compared very favorably with those from other sta- 
tions. 

I attended the meeting of the Association of Official Seed Analysts 
in Minneapolis last summer, and the meeting in Detroit this summer. 
The meeting this year was held a little earlier in the season than former- 
ly, as the American Seed Trade Association was having its meeting 
in Detroit, and it was felt advisable to have ours at the same time, as 
many of our problems are also theirs. The meeting this year was very 
successful. 

It is to be hoped this year that the farmers will be very careful of 
the kind of seed which they save for sowing purposes next season. 
It is of the utmost importance that the very best seed be saved, because 
there is apt to be a shortage of seed, and for this reason particularly, 
good seed is especially desirable. It is also advisable, in view of the 
fact that labor is becoming scarce, that the seed be cleaned as well as pos- 
sible, so that no labor be wasted in taking care of the crop. 
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REPORT OF THE DEPARTMENT OF ENGLISH AND MODERN 
LANGUAGES. 


President Frank 8. Kedzie, Michigan Agricultural College, 
Kast Lansing, Michigan. 

Dear Sir—I have the honor to submit the following report covering 
the work of the Department of English and Modern Languages for the 
year ending June 30, 1917. 

The enrollment for the year, exclusive of short courses, was as follows: 


English. French. German. Total. 


Summrerstenm, OG: Sins. ae css Soba rae ae eect DO A| occa ce wlactelallis tei ene eaten 25 
Mallaterm 1 Oil 6-4, (sna Noe acest etter Decacoe ee 806 103 63 972 
Winter term), LOU7 = laren see Ree creas eee ee 839 89 48 976 
Sprimey Term LOM ao toe ace teh eh Soe a Rhee Eee eae 619 74 31 724 

i hfe) peg eee eke pO Repel ta A a whos Ti 2,289 | 266 142 2,697 


The teaching staff for the year was as follows: 


W. W. Johnston, Professor of English and Modern Languages. 
Egbert S. King, Assistant Professor of Public Speaking. 
Ernst G. Fischer, Assistant Professor of German. 

C. Buren Mitchell, Assistant Professor of Public Speaking. 
Norma L. Gilchrist Instructor in English. 

Antoinette C. Robson, Instructor in French and German. 
Louis B. Mayne, Instructor in English. 

Judson Q. Owen, Instructor in English. 

Leo C. Hughes, Instructor in French and German. 

James B. Hasselman, Instructor in English. 

John D. Macmillan, Instructor in English. 

Ray B. Weaver, Instructor in English. 

Arthur S. Burkett, Instructor in Public Speaking. 


Three of those named above, Messrs. Macmillan, Weaver and Burkett, 
have been members of the department for but one year. The resignations 
of Assistant Professor Simpson and of Mr. Schneider, which were men- 
tioned in my last report and which became effective September 1, 1916, ne- 
cessitated some redistribution of the work of the department and the secur- 
ing of two new men. Accordingly Mr. Macmillan and Mr. Weaver were 
employed as instructors in English. After my last annual report was 
submitted to you, Mr. C. C. Armstrong resigned his instructorship in 
public speaking, and the vacancy was filled by the appointment of 
Arthur 8. Burkett. Mr. Macmillan holds the degree of Bachelor of Arts 
from Queen’s University, Kingston, Canada, and that of Master of Arts 
from the University of Chicago. He came to us very highly recommended 
by both of these institutions and by various members of the faculty 
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of Morningside College, Sioux City, Iowa, in which he was serving 
for his second year as assistant professor of English. His appointment 
to his present instructorship was made in May, 1916. Mr. Weaver has 
the degree of Bachelor of Arts from Carroll College, Waukesha, Wiscon- 
sin, and the degree of Master of Arts from the University of Chicago. 
Members of the faculty of both institutions very strongly supported Mr. 
Weaver’s candidacy for his present position. Mr. Weaver had served 
for one year as professor of public speaking and instructor in English 
in the College of Emporia, Emporia, Kansas. He was appointed to 
his present instructorship in July, 1916. Mr. Burkett is a graduate 
of Ohio State University with the degrees of Bachelor of Arts and 
Juris Doctor and has had successful experience in the practice of law. 
He made an exceptional record in Ohio State University and was un- 
reservedly commended to us by members of the faculty. He was ap- 
pointed to his present instructorship in August, 1916. 

I regret to report that three members of the teaching force given 
above have resigned. Early in the fall Assistant Professor Fischer 
announced that the condition of his eyes would necessitate his retiring 
from teaching for a time at the close of the year. Mr. Owen resigned 
early in April. Mr. Burkett, who holds a commission as first lieutenant 
in the Reserve Officers’ Training Corps, is now at Fort Sheridan. His 
position in the college will be held for him, and it is the hope of his 
colleagues in the department and in the college as a whole that, when 
his country no longer requires his services in war or in preparation for 
war, he may return to his work here. 

The most important change in our course of study is the addition 
of one hour a week throughout the year to the work in composition 
required of freshmen students in agriculture. Heretofore we have had 
but two hours a week for this very important subject. The change from 
a two-hour to a three-hour course was made possible by the action of 
the Departments of Chemistry, of Mathematics, and of Botany, each of 
these departments generously consenting to sacrifice to the English de- 
partment one hour for one term. The three hours thus gained will not 
only add fifty per cent to the classroom work in freshmen English 
for agricultural students; they should add more than fifty per cent to 
the students’ interest in the subject. The fact that the class has up 
to the present time met but twice a week has strongly tended to hinder 
that progressive growth of interest which is essential to good work in 
any subject. With three hours a week the interest should be cumulative, 
rather than intermittent, and the results should be manifestly better. 
In order that no time might be lost in adjusting our plans to the 
change, members of the department spent many hours during June in 
thoroughly revising the outline of work for the twelve sections of this 
class. 

Each year it has been a pleasure to include in my annual report 
the names of students representing the College in intercollegiate debate. 
This year the question for our tristate debate with Iowa State College 
and Purdue University, was, Resolved, That the government should 
provide by federal enactment for the compulsory arbitration of all 
labor disputes involving public utilities, constitutionality conceded. 
The M. A. C. team which supported the affirmative of this question 
consisted of H. B. King, B. W. Bellinger, and Howard C. Rather. These 
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three men met the affirmative team from Purdue University in our college 
armory on April 20, 1917, and won a unanimous decision. The members 
of our negative team were E. R. Trangmar, W. G. Retzlaff, and H. E. 
Hemans. I had the pleasure of accompanying these three young men 
to Ames, Iowa, and of hearing them win a two-to-one decision over the 
team from Iowa State College. This is the first time we have won 
both debates; but of more importance than the winning of decisions is 
the training which the men are getting, the thinking and speaking ability 
which they are showing, and the increasing interest in debate manifested 
by those who attend our debates as well as by those who take part. 
[ am glad to speak here of the intelligent and thorough work of As- 
sistant Professor C. B. Mitchell, to whom it falls to manage these 
contests and to coach our debaters. 

This year we held two freshmen debates—a dual contest with Hills- 
dale College and a triangular contest with Kalamazoo College and Albion 
College. In the former we pitted a freshman team against an all-college 
team from Hillsdale and lost. In the latter, freshmen from M. A. C. 
met freshmen from the other institutions. We defeated Albion and were 
defeated by Kalamazoo. .The students representing us in these debates 
were A. J. Mitchell, (Hillsdale), S. M. Powell, (Hillsdale), H. M. John- 
son (Hillsdale), E. C. Hach (Hillsdale), J. W. Sims (Hillsdale and 
Albion), W. E. Fowle (Hillsdale), L. J. Bateman (Kalamazoo), C. J. 
McLean (Kalamazoo), F. F. Rogers (Albion). Mr. Burkett, instructor 
in public speaking, did effective work in coaching our students for these 
debates. 

The Eunomian-Holead contest was won this year by Mr. R. S. Clark, 
a junior. The winning production, a poem entitled Chores, has been 
accepted for publication by the American magazine, one of whose editors, 
Ray Stannard Baker, was a judge of the contest. Mr. Clark has the 
unusual distinction of having won the Eunomian-Holead contest twice. 
Second and third places went to Mr. A. J. Patch, a senior, second place 
for a poem entitled The Hills, and third place for a poem. entitled The 
Question and Answers. Miss Katherine Hume, a junior, won fourth 
place with a poem, Barbara, and Miss Ruth Musselman, a sophomore, re- 
ceived fifth prize for a story entitled A Hindu’s Choice. 

I am much pleased to be able to announce the establishment of the 
George I. Lawson prize essay contest. This contest was established 
by a friend and classmate and as a memorial to Mr. Lawson (class 1882), 
who died February 15, 1916. The annual income from the fund, amount- 
ing to $25, will be awarded annually to the male undergraduate student 
whose essay, submitted in competition for this prize, is adjudged to be the 
best. Public announcement of this competition was first made in the 
fall term of 1916, and the contest was first held in the spring term, 
1917. The Lawson prize was won by Mr. I. B. McMurtry, a special 
student in agriculture. His essay was entitled, Education: To or Away 
From the Farm? I am confident that this annual contest will serve as a 
stimulus and incentive to many of our students who are interested in 
writing. As the quality of material submitted in competition for the 
Eunomian-Holead prizes has improved steadily from year to year, I 
believe that we may expect similar results from the George E. Lawson 
prize. The former contest is for poems and stories, the latter for essays. 

Though the Department of English is in no way directly concerned 
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in the student paper, The Holcad, I wish to mention here, as a matter 
of record, that a very important change was made last year in the man- 
ner of selecting the entire editorial and reportorial staff of the Holead. 
The fiscal year of the college paper is from spring vacation to spring 
vacation. The staff which served from the spring of 1916 to the spring 
of 1917 worked out a pian for placing the selection of members of future 
staffs upon a competitive basis, and the students in their annual election 
approved the change by a very large majority. One feature of the plan 
is that future editors-in-chief will win their positions only after com- 
petition, first as reporters, later as assistant editors, with a considerable 
number of other aspirants for the place. Any student in the college 
may compete for a position. The details of this plan are given in The 
Holead of March 20, 1917. 

In closing I wish to express my appreciation of the very substantial 
support which the President of the College and the Board of Agriculture 
have given to my department. The salaries which I was authorized, last 
spring, to offer for new instructors enabled me to bring in three strong 
men to fill the places vacated by resignation. The increases granted this 
year are a decided encouragement to the members of the department, 
and in many ways other than in increasing salaries the President and the 
Board have consistently supported the department. 

I wish also to refer here to the energy and the ability with which 
the members of my department have carried on the year’s work. [ am 
especially grateful to those who so actively worked upon the revision of 
several of our courses during the month of June. 

Very respectfully submitted, 
W. W. JOHNSTON, 
Professor of English and Modern Languages. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF MATHEMATICS. 


President F. S. Kedzie, College. 


Dear Sir—I have the honor to submit for your consideration the fol- 
lowing report on the work of the Department of Mathematics for the 
year ending June 30, 1917: 

During the year the teaching staff of the department was as follows: 


L. C. Plant, Professor. 

M. F. Johnson and L. C. Emmons, Assistant Professors. 

S. E. Crowe, R. H. Reece, G. G. Speeker, W. M. Wible, E. C. 
Kiefer, W. A. Reinert, and Vern James, Instructors. 


During the year the members of the staff have not only utilized their 
spare time in broadening their mathematical knowledge and in correlat- 
ing their work with that of allied departments, but a number of the 
members have done graduate work in our best universities. Assistant 
Professor Emmons spent his year’s leave of absence at Harvard Uni- 
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versity, where he received his master’s degree in mathematics in June. 
Mr. Vern James filled the vacancy caused by the absence of Mr. Emmons. 
Mr. Reece took advantage of the opportunity granted him to spend the 
fall term doing graduate work in the University of Wisconsin, and, in 
exchange, to teach in the summer school without remuneration. Other 
members of the department are spending their summer vacation period 
in doing graduate work. 

The department believes in the personal relation between instructor 
and student. For this reason, each instructor supplements class work 
with conferences with his students. After an experience of three years, 
the department is convinced that the results obtained through these 
conferences justifies the large amount of time spent in this way. 

I take this opportunity to express to the staff my appreciation for their 
constant efforts to strengthen their teaching and for the interest they 
have taken in the mathematics for agricultural students. 

The total number of students taking mathematics during the year 
was 1,183, divided among the different terms as follows: fall, 374; 
winter, 4831; spring, 351; summer, 41. The total number of class periods 
for the year was 400, divided among the different terms as follows: 
fall, 110; winter, 130; spring, 100; summer, 60. 

Respectfully submitted, 
i. 'C. PLANT 
Professor of Mathematics. 
Hast Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF CHEMISTRY. 


President Frank 8S. Kedzie, College. 


Dear Sir—I have the honor to submit the following report on the 
work of the Department of Chemistry for the year ending June 30, 1917. 

We have been especially fortunate in retaining the entire teaching 
force of last year for the present year. In addition Mr. P. 8S. Brundage, 
a graduate of the University of Michigan, has served as an instructor 
and we have had the services of a senior student assistant for two terms. 
The teaching staff for the year was as follows: 


A. J. Clark, Professor. 

R. C. Huston, Associate Professor. 

B. E. Hartsuch and W. P. Wood, Assistant Professors. 

D. T. Ewing, D. C. Carpenter, H. L. Publow, C. D. Ball, 
K. G. Hancher, T. E. Friedemann, E. L. Underwood, and 
P. 8S. Brundage, Instructors. 

R. W. Berridge, Assistant. 


The successful work of the department during the past year has been 
largely due to the excellent spirit of cooperation which has existed among 
the members of the staff and to the hard, conscientious work of each one. 

Five junior engineers elected the newly installed engineering chemistry 
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group and it is probable that the number of students in this work will 


increase rapidly. 


With from six hundred to eight hundred students taking laboratory 
work in the department each term, the work is tending to lose efficiency 
on account of the crowded condition, and an extension of laboratory 
space will soon be an absolute necessity. 

An important accomplishment of the year was the establishment of 


a local section of the American Chemical Society at the college. 


Mr. 


Ewing and Mr. Wood deserve much credit for their efforts in obtaining 
the cooperation of the other scientific departments on the campus in this 


project. 


Following is a table showing the number of students taking work in 


the department during the past year: 


Number of course. 


Summer 
session. 


alpine) le felieca: sind lalig, wie te (slim) el/eve/6)ie (0,fa) 1a pe) so else sexe je Bina ele oa) @ 


GMAT AC ee tis cess Bares te ete ils aiaroranets end Paes 
SRO COURIC r ie at elo Pencs kere es eee? epee a 


Winter 
term. 


Spring 
term. 


ee) 


Totals 


60 


682 


East Lansing, Mich., June 30, 1917. 


Respectfully submitted, 


ARTHUR J. CLARK, 
Professor of Chemistry. 
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REPORT OF THE DEPARTMENT OF ZOOLOGY AND 
PHYSIOLOGY. 


To the President. 


Sir—I have the honor to submit the following report of the Department 
of Zoology and Physiology for the year ending June 30, 1917: 

The work of the department has progressed normally and satisfactorily 
during the year and there have been no changes in the instructing force, 
all the members of which have been re-engaged with a single exception. 
It seems likely that the work can be done next year with one less in- 
structor, owing to the lightening of the fall term by cutting out the 
elementary zoolos gy from ‘the Home Eeonomics course, and Mr. W, a0 
Eastman will be released on the expiration of his contract. 

Of course other changes may be rendered necessary as a result of the 
draft for military purposes. 

The following tabulation shows the number of instruction hours, num- 
ber of classes, and number of students assigned to each member of the 
department during each of the three terms. In addition Professor 
Conger taught small classes in Elementary Zoology and Physiology 
during the summer school. 


TEACHING WORK OF DEPARTMENT 1916-1917. 


Fall term, 1916. Winter term, 1917. Spring term, 1917. 
B | 58 | BS | Ss | BS 2 | bs | BS 
Dy, e S) oy Dy, a5 23 ee Fou) 2y ~ 
28) 83 | 56) eB | 83 | Se) So oe 
x Z Z a) Z Z qq Z Z ica 
Prof. Walter B. Barrows..... 11 1 Dal oe 2 42 12 2 49 
Asst. Prof. B. B. Roseboom. . 12 3 65 15 4 58 16 4 58 
ASST CE LOime AL DUD. neue 12 2 29 18 3 Be 14 2 Patt 
Asst. Prof. A. ©. Conger: .. 14 | 2 45 18 3 88 15 2 64 
INSEEAOV Le be ROVaneme s cto 18 3 77 PA 3 79 18 3 52 
1 Gots 9) Mo Ope Os) 0 0e:) 0 Une 15 4 64 19 4 55 15 3 51 
InsStradiy We staGk fun. ct ee 17 4 76 22 4 52 18 3 67 
Instr. S. G. Bergquist....... 18 3 61 21 4 72 16 3) 58 
(FEORE eb q 1 ra | pen | ea es AAAS os Sl lta 24 hos | sce Lee 385 
TO tals 29.4 ClaSSeSiee ele Ile ee > aa Seen eee DAN ene Pol leans tae 22. |). Seas 71 
UStudentstes cil en eevee 2 ATs Were gel |e sete sete |e MEGS ale ao scaeods apenas 420 |1320 


There is little else to record in connection with the work of the year 
except that in common with other departments we have suffered some- 
what from the lack of funds due to the loss of the Engineering Building. 
This has not directly affected class. work but has limited the work 
planned in connection with loan collections of birds and other specimens 
which we had hoped to prepare for extension work. In several instances 
we have sent out collections of fifty to one hundred mounted specimens 
for exhibition in connection with special meetings of nature clubs, 
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women’s clubs and school exhibitions, but the amount of material avail- 
able has been small since it does not seem wise to use the first 
class specimens from the museum for such purposes. Several members 
of the department are available for nature study talks in connection 
with this extension work if a little notice in advance can be given. 


GENERAL MUSEUM. 


The condition of the general museum remains almost precisely as 
last year. Lack of funds has prevented the relabeling of specimens, 
and lack of expert labor has prevented the transfer of specimens to proper 
perches or standards for exhibition and the preparation of duplicate 
specimens for loan collections. The museum, as always, has proved one 
of the most popular points of interest for visitors to the College and its 
collections are used with increasing frequency by our own students. 
There is almost no limit to the development of such usefulness if a 
moderate amount of money and a little expert labor can be provided. 
The museum should be the largest and best natural history museum 
in the state and its location and present size and condition fully war- 
rant its being considered the State Museum. I trust the time is not far 
distant when its tremendous importance as an educational factor may 
warrant the provision of a modern museum building in which the col- 
lections can be properly displayed and the aim of a first class state 
museum fully realized. 

Respectfully submitted, 
WALTER B. BARROWS, 
Professor of Zoology and Physiology 
and Curator of General Museum. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 


President F. 8. Kedzie. 


Dear Sir—Following is a brief report of the Department of En- 
tomology for the year ending June 30, 1917. 

During the year just ended several changes have been made in the 
courses of instruction dealing with the Department of Home Economics. 
Course VI, a required course, dealing with household insects, has been 
dropped, and an elective consisting of a year’s work in Entomology has 
been substituted. This latter course was not given during the past year 
because the number of students registering in it hardly seemed to war- 
rant the expense of carrying a five. credit course through the entire 
year. Five short courses were given during the fall and winter—two 
in Apiculture and three in Entomology. During the summer school 
of 1916, Entomology 1 was given by Miss Eugenia McDaniel. 

On September Ist Mr. G. C. Woodin resigned, to pursue advanced 
work at the Ohio State University. Mr. P. B. Wiltberger, a graduate 
of Ohio State University and later instructor in the University of Maine, 
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was appointed in his place, reporting for duty on April 1st. Mr. Wilt- 
berger is employed both by the College and by the Experiment Station, 
his time being equally divided between the two. 

Mr. F. E. Millen resigned at Christmas time to take up a position 
as instructor in the Iowa State University—his work as instructor in 
beekeeping and State Inspector of Apiaries being taken up by Mr. B. F. 
Kindig, who had been for years Assistant State Entomologist of Indiana, 
where he has had extensive experience in beekeeping and in the inspection 
of apiaries. Fortunately, the last legislature passed a law increasing the 
direct appropriation for the inspection of apiaries by $1,500.00 per 
annum. Besides this the legislature conferred on the State Board of 
Agriculture authority to appoint deputy inspectors, two of which have 
been temporarily appointed. They are Mr. Paul W. Erbaugh and Mr. 
Donald P. Barrett. Mr. Kindig’s report as State Inspector of Apiaries 
is to be found elsewhere in this volume. The College now owns a well 
ordered apiary of twenty-three colonies for use in demonstrations and 
in class work in the new four term option in Apiculture, which is 
scheduled to begin with the spring term of 1918. 

During the early autumn Doctor G. D. Shafer tendered his resignation, 
to take effect on September 1, 1917. Doctor Shafer has been Secretary 
of the Committee on Graduate Work since its present organization, and 
his loss will be keenly felt both by the student body and by his as- 
sociates. Doctor Shafer plans to go into private work for a time at 
least. 

During the year the department has made an effort to build up the 
material used for educational displays in the class room and at gather- 
ings of farmers, fruit growers, and others interested in agriculture. 

The calls for extension work are increasing in number and in import- 
ance yearly. At present Mr. Don B. Whelan is employed as Extension 
Specialist in Entomology during the summer and fall, and by the College 
during the winter and spring. It would appear that the Extension Spe- 
cialist could well be employed in the field during the entire year. 

Respectfully submitted, 
RH, PETES 
Professor of Entomology. 
East Lansing, Mich., June 30, 1917. 
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REPORT OF THE STATE INSPECTOR OF APIARIES 


To the Honorable The State Board of Agriculture: 

Following is the fourth annual report of the State Inspector of 
Apiaries for the fiscal year ending June 30, 1917: 

The work of the last fiseal year was interrupted by the resignation 
on January 1, 1917, of Mr. F. ‘E. Millen, the former State Inspector of 
Apiaries. The following summary of the yeai’s work is, therefore, given 
in two divisions, the 1916 column referring to the w ork: of the first half 
of the fiscal year, and the 1917 column referring to the work of the last 
half of the fiscal year. 

1916 LOTT 


Nomper of apiaries Wisttet hs. .e.8 d265 een Cr 208 
Number of apiaries in which disease was found .... 27 101 
Number of colonies inspected ...0).2.70.¢°..2 5.5 844 2302 
Number of colonies affected with American F. B...115 465 
Number of colonies affected with European F. B... 85 SL 
Number of diseased colonies destroyed .......... 1 6L 
Number of demonstration meetings........ No record 5) 


The following queen-breeders’ yards have been inspected and certificates 
granted: 


Jay Cowing, Jenison. 

J. H. Haughey, Berrien Springs. 
M. H. Hunt, Redford. 

K. A. Leffingwell, Allen. 

Ik. E. Mott, Glenwood. 


The law passed in 1913° authorizing the appointment of the State 
Inspector of Apiaries was amended by the last legislature and the 
appropriation was increased by $1,500.00. This becomes effective July 1, 
1917. The appointment of deputy inspectors was also authorized. Two 
deputies have been secured and they will begin their work early in 
July. Much more work will be accomplished than under the previous 
Jaw. The number of requests for inspection has been so large that 
even with two assistants it will not be possible to answer all calls for 
help. Foul-brood has become scattered through probably every county 
in the state in which the production of honey is an industry of any im- 
portance. In every county in which more than one apiary has been 
inspected, disease has been found. An attempt was made last winter 
to estimate the probable proceeds of the beekeeping industry in Michi- 
gan. As nearly as could be ascertained, the annual production of wax 
and honey amounts in value to about one million dollars. The future 
of beekeeping depends upon how well foul-brood is controlled. 

Respectfully submitted, 
Bee Onin DiG:; 
State Inspector of Apiaries. 
East Lansing, Mich., June 30, 1917. 
21 


162 STATE BOARD OF AGRICULTURE. 


REPORT OF THE DEPARTMENT OF HISTORY. 


President F. 8. Kedzie, College. 

Dear Sir—I hereby present to you the first annual report of the De- 
partment of History and Political Science which was created one year 
ago by the division of the Department of History and Economics. 

3y the aforesaid division the following subjects were allotted to the 
new department, three courses in European History, two courses in 
American History, two courses in Political Science and the instruction 
in two other courses, Sociology for young women and Public Finance. 
The latter courses belong to the Department of Economics. 

The enrollment in these courses is shown in the following statistics: 
History 1, 76; History 2, 27; History 2a, 140; History 3 (U.S8.), 65; 
History 4 (U.S.), 77; Political Science, 175; Sociology, 70; Public Fi- 
nance, 69. Total enrollment for the year 699, distributed as follows: 

3y terms: Fall, 267; winter, 287; spring, 145. 

By classes: Freshmen, 216; sophomores, 70; juniors and seniors, 413. 

From these figures it will be seen that 243 students enrolled in Eu- 
ropean History ‘and 142 in U. 8. History. The heavy enrollments in 
Huropean History may probably be largely attributed to interest in 
present world conditions, as indeed may the crowding of all the subjects 
offered in this department. Students are realizing the importance of 
understanding the potent forces operating in society today. The depart- 
ment is endeavoring to meet this interest by efficient instruction in 
courses adapted to this end. 

$y the division of the teaching force Mrs. Hendrick was assigned to 
this department. The large enrollment in the fall term courses necessi- 
tated additional help and resulted in the employment for that term of Miss 
May Person as instructor in European History. During the winter 
term similar conditions resulted in Mr. Paul Miller being employed to 
assist in handling the Political Science. 

In accordance with a plan entered into at the request of Miss White, 
a club among young women to have for its purpose the pursuit of so- 
ciological subjects was organized by Mrs. Hendrick. To make this enter- 
prise easier to handle in the winter term, Prof. C. 8S. Dunford of the Eco- 
nomics Department took a course in Political Science leaving Mrs. 
Hendrick free to conduct the sociology classes. 

In closing this report I would pay recognition to the splendid service 
of Mrs. Hendr ick throughout the year, as well as the very acceptable 
services of Miss Person and Messrs. Dunford and Miller in their tem- 
porary connection with. this department. 

Respectfully submitted, 
EK. H. RYDER, 
Professor of History. 
East Lansing, Mich., June 30, 1917. 
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REPORT OF THE DEPARTMENT OF ECONOMICS. 


To the President: 

The following is the report of the Department of Economics for the 
year 1916-17. 

The total number of enrollments in the department for the year num- 
bered 1,042, distributed as follows: By terms: Autumn, 433; Winter, 
210; Spring, 371; Summer, 28. By Classes: Graduate 3; Seniors 189; 
Juniors 291; Sophomores 297; Freshmen, 268. 

The total number of hours taught during the year by members of the 
department equalled 1,249. This was divided among the four sessions as 
follows: Autumn, 537; Winter, 516; Spring, 336; Summer 60. 

A comparison of the statistical statement given above with those of 
the reports of previous years will show a number of omissions and varia- 
tions calling for explanations. The large decrease in enrollment in the 
department, for example, and the decrease in hours taught by mem- 
bers of the department have the same explanation; namely, the division 
of the department last year into one of History and another of Economics. 
We no longer teach History or Political Science, and the enrollments in 
these subjects are therefore not included in this report as was formerly 
the case. The customary distribution of enrollments and class hours 
among the various subjects is also omitted from this report and for the 
same reason already given, namely the division of the department. As 
noted before, this has left only the subject of Economics, consequently 
no gain is made by the utilization of the subject classification of former 
years. 

Three new and specialized courses in Economics—Rural Organization, 
Marketing of Farm Products and Accountancy were given this year and 
the number of elections in all of them was very gratifying. Two new 
subjects in economics were also given in the Home Economics division 
as the result of the adoption of a new curriculum for the division. 
The increasing applicableness of economic principles to the every day 
or practical affairs of life is strangely evidenced by the demands made 
everywhere by the public upon economists to explain these principles. 
The head of this department, for example, has given upon invitation, 
no less than fifteen addresses upon different sorts of economic questions 
in various parts of the state since making his last report. Rural credit 
has been the subject most frequently spoken upon but High Cost of 
Living, Rural Cooperation, and the Dependence of War upon Agriculture 
have also been discussed. 

The economic side of agriculture is indeed receiving a great deal of 
attention from the farmers of the state in many ways at the present 
time. The forming of cooperative associations for business purposes has 
never before been so rapid in many regions as during the past year. 
Usually these associations are for marketing purposes but, whatever the 
object of their creation, their growing numbers demonstrate clearly 
that farmers have at last learned a method of acting in unison along 
the lines of some one or the other of their economic interests. The 
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activity is one which should be encouraged, in every way and it is 
fortunate not only for the class room study of these associations but also 
perhaps for the associations themselves that a small appropriation has 
been assigned this department for the study of these organizations. 

In concluding this brief report, the head of the department desires 
to express his gratitude to his two associates—Assistant Professor Dun- 
ford and Intructor Miller—for their unflagging zeal in the interests 
of the various phases of economics at this College. 

Respectfully submitted, 
WILBUR O. HEDRICK, 
Professor of Heonomics. 


Kast Lansing, Mich., June 30, 1917. 


REPORT OF THE DEPARTMENT OF PHYSICS. 


President F. S. Kedzie, College. 


Dear Sir—Herewith I submit a brief report of the Department of 
Physics for the year ending June 30, 1917—my first annual report, as 
well as the first for the Department of Physics. 

On July 1, 1916, the Department of Physics became a separate de- 
partment by action of the State Board of Agriculture, with an office 
located on the first floor, and three rooms (laboratories) in the basement 
of the Forestry Building. Until Thanksgiving last, when Professors 
Sawyer and Cory of the Department of Electrical Engineering, moved 
into different quarters; the former into Shop No. 1; the latter to the 
R. E. Olds Hall of Engineering, the office, as well as the other rooms 
indicated, were shared with the Department of Electrical Engineering. 
Professor Sawyer finished the moving of his apparatus during the 
Christmas vacation, thus leaving the Physics department the use of the 
rooms previously occupied by the two departments in common. Due 
to the fact that the entire staff of the Department of Physics shared 
the same office, department meetings were of daily occurrence, 

Last summer the Forestry Reading room, together with the small class- 
room north of that, were fitted up for our temporary use as a physics 
lecture room. I wish to take this opportunity to express my apprecia- 
tion to Professor Chittenden of the Forestry department, for his kind- 
ness in sacrificing the rooms we now occupy temporarily in the Forestry 
Building. 

Apparatus of the combined department, saved from the fire, was in- 
ventoried at $11,000, of which the Department of Physics received 
$2,000 worth of the same. This meagre equipment, however has been 
added to during the year to the extent that the department now has a 
fair working equipment. 

In organizing and planning our work this year we consulted freely 
with the other related departments thereby trying to correlate the’ 
physics work more closely with that of the other departments, and at 
the same time present the fundamentals, 
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The following changes, substitutions and additions were made in the 
scheduled work in physics during the past year: 


(a) 


(b) 


(e) 


Physics 1d—Two hours laboratory work per week was sub- 
stituted for a one hour quiz period per week. This has 
proved a wise change. 

Physics 4e which has previously dealt with the theory of 
internal combustion engines, automobiles and farm light- 
ing plants, was changed to a course in Telephonology this 
year to meet the needs of the forestry “rangers.” Several 
trips were made by the class to nearby exchanges, starting 
with the simple manual switchboard (e. g., Haslett, 
Okemos, ete.) and finally making a careful study of the 
more complex types of switchboards, such as the one at 
the Bell Telephone Company’s Central Station at Lansing. 
I wish to express my gratitude to the Bell Company for the 
assistance rendered us. 

Physics 5, a required five hour course for Freshman Vet- 
erinary students, spring term, was added this year at 
the request of the Dean of Veterinary Science. This neces- 
sitated the working out of a special course suited to the 
needs of medical students—much abridged. 


The total enrollment in the Physics department for the year 1916-17, 
was 889. The tabulation below shows the courses taught, and the num- 
ber of students enrolled in each. Each course is a five-credit subject, 
excepting Physics 4a, 4b and 4c¢ which are three-credit subjects. 


Summer Term—1916. 


Course Enrollment 
Phy Sie salieh rc Pos. PME sa peyn So Chab tine ay wear Meee avo, 0 Sealy westerns 6 
lil 1 SUK GC PRO 2 A ng ea Ae ER oe Sn aca eee Te Ae OM caer i) 
ddl SS CCl: OTe Rarer eee rae WO ee ek gk See el eet as ee 6 
Fall Term—1916. 
HREinnreshCest MCD oe rcoy al Pee, oh wae ee al awe fate a, Pahonzceteaeten So Mehtlah os te etna 192 
TS NGUES eae ov oper ei. ooo e, akc id /or o caey ie etc Soccer epee pel aeae aids cM eo ce 89 
sli SoA Sed. (ard et eeos int 4. Be techn a Ria anes ie We oe Ga 3 
Winter Term—1917. 
My SUC SOC a viaig's ae Seer ee eat Pies eames ai sce Re, Saori 178 
PEPE GST CS 2 40. ret see ecird cals AS OSC URS GN PRE Te eee INS Ne take 2 
| EAU eS PCI 16 MRNA es ri ele ec wigr PNOE TE ai seat Re AT a OG, Baa 92 
Bhysiess (ShOriL-COUrSE)h slat. ae as hook tet oe wwntete eee 3 
Spring Term—1917. 
TVS, Dich bi). ches Ries Sis Me ee ate nage oe nite eb 
EAI SUCH OOM an atte Late Rot ete ys tees hee Mead OR aR ARNT Rote 89 
PATS ICSC Ge S028 aes oe Maser Wier ate TAN Ge amcor eee 17 
ENV SICS PED 1.3 hdd ch haalte sagt Stee ah anale tee A Pe ee 2 
ERENY SC Nope pent tans See ae awed Me Miura Ako date oe zis 


An abridged course consisting of five lecture and quiz periods per 
week for eight weeks in the fundamentals of non-mathematical physics 
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was given to thirty-one of the second year Short Course men. This is 
practically twice the time they have previously given to physics. 
Through the courtesy of Mr. Lasley, State Distributor for the Domestic 
Engineering Company, a Delco Farm Lighting Plant was loaned to our 
department, which has proved to be of considerable interest to the Short 
Course men, institute attendants and visitors interested in farm lighting 
outfits. ; 

Aside from his regular teaching, Professor Laycock has been doing 
the work of “College Photographer” this year. This work, together with 
the teaching of a course in optics, has been made possible through 
the courtesy of Prof. Pettit in furnishing us room for this work in the 
Intomology Building. 

The personnel of the Physics Department for the year consisted of the 
following: 


Chapman, C. W., Associate Professor of Physics. 
Laycock, W. E., Assistant Professor of Physics. 

Snow, O. L., Assistant Professor of Physics. 

Melton, W. A., Instructor in Physics (Sept. Ist to Feb. 1st). 
Coyle, J. P., Instructor in Physics (Oct. Ist to Sept. 1st). 
Stark, S., Instructor in Physics (Feb. Ist to June Ist). 


Mr. Melton resigned Feb. 1st to accept a more remunerative position 
with the Consumers Power Company, Jackson, Mich. Mr. 8S. Stark, 
from the University of Chicago, was secured to fill Mr. Melton’s place 
to June 1, 1917. I also regret that Mr. Coyle has accepted an offer from 
the Chicago schools for the coming year. I especially wish to commend 
Professors Laycock, Snow and Mr. Coyle for the genuine interest they 
have taken in the work of the department, and for their efforts to make 
the year a successful one in every respect. 

Very respectfully submitted, 
CHAS. W. CHAPMAN, 
Acting Head, Department of Physics. 
East Lansing, Mich., June 30, 1917. 
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REPORT OF THE LIBRARIAN. 


President F. 8S. Kedzie. 


Dear Sir—I have the honor to present the following report on the 
Library for the year ending June 30, 1917. 

There have been added to the library during the year 622 volumes, of 
which 205 were purchased, 285 by binding, and 132 by gift. 

Of unbound volumes and pamphlets 270 have been received, of which 
4 were purchased. The remaining 266 were presented to the library, 


and acknowleged when received. 


omitted. 


Individual mention is therefore 


For bound volumes we are indebted as follows: 


Bessey, Dr. E. A. 5 

California, state reports, 4 

Colorado, 1 

Connecticut, 9 

Clute, RK. L., 2 

Florida, 2 

Freeman’s Minn. Diseases _ of 
plants, (to Botany Dept.) 

Hitchcock’s Botany, (to Botany 
Dept.) 

Hinebaugh, Dr. 1 

Illinois, 3 

Iowa, 5 

Kentucky, 3 

Loree, L. F. 1 

Louisiana, 1 

McCool, Dr. M. M. 1 

Maine, 1 

Minnesota, 2 — 

Massachusetts, 7 

Missouri, 1 

Michigan, 16 


Montana, 2 

National Board of Underwriters, 
1 

Nebraska, 7 

New Hampshire, 1 

New Jersey, 3 

New York, 7 

North Carolina, 3 

Ohio, 13 

Penn. Forestry Dept. 1 

Rhode Island, 1 

Rosenwald, J. 1 

Smithsonian Institution, 1 

South Dakota, 2 

Strong, A. H. 1 

Supt. of Documents, 1 

Thompson, S. 1 - 

U. S. Commerce Dept. 1 

Vermont, 1 

Washington, 1 

Yale University, 10. 


Financial conditions made it necessary to drop many of the periodicals 
for which the library had long subscribed, and war conditions rendered 
it impossible to secure any publication printed in the German language. 
The usefulness of our reading room has for this season been somewhat 
limited. The list of periodicals belonging to the Experiment Station 
remains unchanged except for those in German. 

The following is a list of publications received by the library either 
through the courtesy of publishers, cr in exchange for our own pub- 
lications : 


Aerial Age. 
Agrl. Gazette of Canada. 
Agrl. Gazette N. S. Wales. 


Agrl. Jl. of India. 
Allegan Gazette. 
America. 
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American Economist. 

American Farming. 

American Fruit Grower. 

American Food Journal. 

American Hebrew. 

American Hereford Jl. 

American Iron and Steel Insti- 
tute, Bulletin. 

American Issue. 

American Miller. 

American Poultry Advocate. 

American Sheepbreeder. 

American Swineherd. 

American Thresherman. 

Anales de Sociedad Centrifica 
Argentina. 

Angora Journal. 

Annals of the Missouri Botanical 
Gardens. 

Australasian. 

Australian Museum, Records. 

Bay City Times. Daily. 

Belding Banner. 

Berkshire World and Cornhill 
Stockman. 

Better Business. 

Better Fruit. 

Big Four Poultry Jl. 

Blue Valley bulletin. 
Boletin Agricola Republica de 
Panama. 
Boletin de 
Paulo. 
Brooklyn Botanic Garden, Leaf- 
lets. 

Bulletin of the G. Rapids Public 
Library. 

Bulletin N. Y. Botanical Gardens. 

Bulletin Pan American Union. 

Bulletin Boston Museum of Fine 
Arts. 

California Acad. of Science, Proc. 

California Home and Farmer. 

Canadian Forestry Jl. 

Canadian Horticulturist. 

Canal Record. 

Carlysle Arrow. 

Chicago Packer. 

Christian Science Jl. 

Christian Science Monitor: 

Christian Science Sentinel. 

Cold. 


Agricultura, Sao 


Commercial Fertilizer. 

Commerce Reports. 

Congressional Record. 

Creighton Chronicle. 

Daily Drover’s J]. and Stockman. 

Dairy Record. 

Dakota Farmer. 

Daughters of the Amer. Revolu- 
tion Magazine. 

Dry Farming. 

Deming Graphic, N. Mexico. 

Detroiter. 

Deutsch Amerikanischer Farmer. 

Doherty News. 

Duroc Bulletin. 

Edison Monthly. 

Electric Railway Jl. 

Electric Traction. 

Electrical Trade. 

Elgin Dairy Report. 

Etude. 

Farm and Fireside. 

Farm and Home. 

Farm and Ranch Review. 

Farm Engineering. . 

Farm Journal. 

Farm. Life. 

Farm Machinery: Farm Power. 

Farm, Stock and Home. 

Farmer and Breeder. 

Farmer’s Advocate and Home 
Magazine. 
Farmer’s Advocate and Home 

Journal. 
Farmers’ Guide. 
Farmers’ Review. 
Feeding Stuffs. 
Field. 
Field and Farm. 
Flour and Feed. 
Flying. 
Fruit Belt. 
Fruit Grower. 
Fruitman and Gardener. 
Gas Power. 
G. Rapids Herald. 
Grange Forum. 
ruernsey Breeders’ Journal. 
Hawaiian Forester. 
Hoard’s Dairyman. 
Holead. 
Holstein-Friesian World. 
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Horse World. 

Horseshoer’s Journal. 

Illinois Agriculturist. 

Illuminating Engineer. 

Implement Era. 

India, Agricultural Publications. 

Indian’s Friend. 

Indicator. 

Ingham County News. 

International Institute of Agri- 
culture, Bulletin of Agrl. In- 
telligence and Plant Diseases, 
Bulletin Econ. and Social In- 
telligence. Bulletin Agri. and 
Commercial Statistics. 

Jersey Bulletin. 

Japan Society, Bulletin. 

Jewish Farmer. 

Johns Hopkins Univ. Circulars. 

Jl. of Agrl. Research. 

Jl. of Agriculture, Victoria. 

Jl. of the Amer. Bankers Assn. 

Jl. of the Board of Agrl. and 
Fisheries, London. 

Jl. of the College of Agriculture, 
Tokio. 

Jl. of the College of Agriculture, 
Sapporo. 

Jl. of the Dept. of Agriculture, 
S. Australia. 

J]. of the Western Society of En- 
gineers. 

Kansas Farmer. 

Lansing State Journal. daily. 

Lewiston JI. 

Lilly Scientific Bulletin. 

Lincoln Freie Presse. 

Lister Institute of Preventive 
Medicine, Trans. 

Live Stock Report. (Clay Robin- 
son). 

Louisiana Planter. 

Manton Weekly Tribune. 

Mark Lane Express. 

Market Growers’ Journal. 

Message of the East. (From Jew- 
ish Students in College). 

M. A. C. Record. 

Michigan Farmer. 

Michigan Mirror. 

Midland Naturalist. 

Moderator-Topics. 


Modern Gladiolus Grower. 

Monthly Bulletin, State Comm’r. 
of Hort., Cal. 

Monthly Crop Report. 

Monthly Review, U. 8. Labor Bu- 
reau. 

National Assn. of Corporation 
Schools, Bulletin. 

National Farmer. 

National Grange Monthly. 

National Stockman and Farmer. 

National Weather and Crop Bul- 
letin. 

N. Y. Meteorology, 
Hourly Readings. 
N. Y. Produce Review. 

Nut Grower. 

Official Bulletin, U.S. 

Official Gazette, U. S. Patent Of- 
fice. 

Ohio Farmer. 

Orange Judd Farmer. 

Our Dumb Animals. 

Pacific Dairy Review. 

Park and Cemetery. 

Poland China Journal. 

Poona Agrl. College, Reprints. 

Power Farming. 

Practical Farmer. 

Practical Husbandry of Maine. 

Proc. Amer. Philos. Soc., Phila. 

Progressive Herald. 

Public Health Reports, U. S. 
Marine Hospital. 

Publicity Magazine. 

Reclamation Record. 

Reliable Poultry Journal. 

Revista Indus. agricola de 
Tucuman. 

Revue Cretienne. 

Rhodesia Agrl. Journal. 

Rockefeller Institute for Med. Re- 
search, Studies. 

Rural N. Yorker. 

Russia. 

Saginaw Daily News. 

Salt Lake Herald Republican. 

Saturday Evening Post, (Prof. 
Cox.) 

Scientific Monthly. 

Sea Power. 

Seed World. 


Drapers’ 
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Shepherd’s Journal. Agrl. Science. 
Smithsonian Institution, Zoology. 

Contributions to U. S. Nat. Up to Date Farming. 

Herbarium. Useful Poultry Culture. 

Bul. of U. S. National Museum. Vertical Farming. 

Miscel. Collections. Vogue. 
Social Service Review. Wallace Farmer. 
Societa Degli Agricoltura Itali- Washington Farmer. 

ana. Weather Review. 
Southern Fruit Grower. Weekly News Letter. 
Special Crops. West Indian Bulletin. 
Sugar. Western Honey Bee. 
Sunkist Courier. White Breeders’ Companion. 
Tribune Messenger. Williamston Enterprise. 
United Weeklies. Wilson Bulletin. 
University of California, Publi- Wilson Bulletin. (Oberlin). 


cations, 


The publications of the United States Dept. of Agriculture, and the 
bulletins of the various state experiment stations, together with the 
indexes which cover them, are received and filed in the library. We 
also receive and file the catalogues from the leading educational insti- 
tutions of the country. These are received in exchange for our own 
catalogues. ; 

The number of books loaned during the year for home use was 5,426, 
an average of about 452 per month. No record is kept of the books used 
in the library. 

We desire to express our gratitude to the librarians of the University 
of Michigan, and the U. S. Dept. of Agriculture for the use of books 
and periodicals which they have kindly loaned to us. 

The library hours have remained unchanged during the year. Our 
thanks are extended to our assistants for their uniformly efficient service. 
Our student assistant, Mr. Halsted gave up his work in the spring term, 
and was succeeded by Mr. H. A. Lyon who has given splendid service, 
and whom we are pleased to be able to retain for next year. 

To the library of the Experiment Station there have been added 357 
volumes: 6 by purchase, 155 by gift, and 176 by binding. This library 
now contains 5,414 volumes. The college library numbers 37,745 volumes. 
Total in both libraries, 48,159 volumes. This number includes all de- 
partment books so far as they have been catalogued. 

tespectfully submitted, 
LINDA E. LANDON, 
Librarian. 
Kast Lansing, Mich., June 30, 1917. 


REPORT OF THE REGISTRAR. 


DEPARTMENT REPORTS. 


President F. S. Kedzie, Michigan .Agricultural College. 
Dear Sir—I have the honor to submit herewith the report of the work 
of the Registrar’s office for the past year. 
The enrollment in the different divisions has been as follows: 


REGULAR FOUR YEAR COURSES. 
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PRONG GPCL ATL OME OLOSUL Yura oe cera myo eres Baek Sere OD NSPS Meche ote Suet aps ahaa ee T7Al 
WERT EAITT OSE MIM ee epg ea ne tate ae geace kA Les Noo) hasicoas: ace on ca Sia or shot e leis MEM eet oh omenral see aMairice at 6 356 
EVOMME PEI CONO MICS ime wy ye ea ees sietecccb ont oe arate oni ls soe uetiore ane alee lager 359 
Weaineiciblale iy Miro Wier oXetns es Sear lw) & Phone eee ieee Ie oO EOIN ciety Gea Ae nein 65 

MO ally eecceweak Rotini <e kor ee EN Ree ere ney nL Eaento tc emia ty aE Nand ctw aravde a tai iiaherena bees aiehie 1,521 
PS IUHAATTAG VETO pS(e) OV 04 Dee A ee eh ee aes, Soe ewe ROMO TO cence Te args ak Ra Od hs Smee ire 239 
ra gira te; OUTSCRL ner tiny. ema richest te ere semet hoe erhchdee Lae ee ee eect eoerapeys 26 

BIOS Lem etre ieteecee Speco a chtcdeiny ons tswcd ENRON wks ssi are ced “oanSe are OF TRUE PRE Ee ee oe ioe eRe 265 

SHORT COURSES. 

piwopveaT Course ame Ae nici GUMemectias acces cra cutie ctrre seis acateleh  eumicte eieuorsiecs) stele, ei sel aeeye 135 
Hight Weeks Course in Agriculture and Home Economics..................++05: ileal 

LEO ET is & cheese GAs Gera NE a RS Oe aces oe a TE Cate oR make PRLS ETS 2 ee eee tear ae tsa 306 

Mota alwe WRCOUTS OSM shy sey ke vts see ets ava rean ay aes eens hele Saas EASIER ro ev Oe ERC aes a ose Ret enctre 2,092 
INVERURIE TRE EUH OE Sean ap ste ce ORR eee rR Rs RIE PRR SIRS AM ORR eto Se pom 

UNE LBS Dellereeee ta tee et SInE eRe Se hae Re a ws a Fe EN an DUN ey wa ole Vaoticn 99, Sean a yinh rae 1,971 

ENROLLMENT BY TERMS. 
Course. Summer. Fall Winter. Spring. 

Lyzintouihysins Eyaal INVER foes oo meson ease oombes soe. e 96 715 681 614 
EP UTeSRIMNe ee ry eerie eet eae Ma 33 361 312 296 
LOM RE COMOMIMCH Pe manty etre re es hc anne 49 360 336 326 
MetenimanyaNLCGi Ciesla canon eon oe 10 56 55 54 
(GHREWON VER ays Saha Basan et cee i eat tit OAT 5 AAR Mr eet ED eae 51 24 25 20 

ARO (Shes les es lite a te ei ate an Me ge 239 1,516 1,409 1,310 

ENROLLMENT BY CLASSES. 
Agriculture. | Engineering. E eHome CA Forestry. Veterinary. Total. 

Graduates... ... DAMS sey Styag eran oe 2 De Gack scies see ceaiene 26 
Seniors a ys Ne 140 69 56 10 9 284 
JUDTORS a teins 161 67 61 9 13 311 
Sophomores...... | 162 89 86 Zo = 26 370 
LAME NOSSO Aa ge 223 127 136 . 1 17 504 
Special Students. . 27 4 20 Lied aap veh Soaked pectic ke 52 
Summer §8’n, 1916 123 33 60 10 13 239 
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WITHDRAWALS. 
| Fall. | Winter. Spring. 
Wolambaryirn otic ace fe tela Cee MeO niet ens. che tay ohaher re amet 143 | 114.22 neoaseee 
SCHO]AESIIUD ec Bc han cote avi ROIS es aasee ain inl Cee earn 25 19 16 
DP ISCIPIIMES 52 Sh noes keFeoaep to Ce eee ane eee nrcs ikea eee aed tegisicel Cahoon eee 1 1 


GEOGRAPHICAL DISTRIBUTION OF STUDENTS. 


. MICHIGAN. 

COUNTIES: 

SATE aries seein cota erat GN Guand Miraverse: ci. -\+)see 2 Mii dang. | 905 t-ccceeke ane 
AL PCiai cee ie tent oles TURGTA OTE Meineke areas OQ!) Miissalikees s.s.ca. cia 
ATCT ct titer o teces eae ZEW Chis RS 6 oadomo oe too 235| Monroe... as «haan 
ATOMIC) ieee hs Ras ciele-e es Le MELOME GOMES cre ces susie eae 15s Mi ombeaillint se ee enone 
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DEGREES GRANTED JUNE 1, 1917. 


BACHELOR OF SCIENCE. 


a, Agriculture; e, Engineering; h, Home Economics; f, Forestry. 


Abel, Herbert Victor, a. 
Anderson, Charles Daniel, a. 
Anderson, Hessel Frank, e. 
Anderson, J. Clyde, a. 
Anderson, William August, a. 
Andrews, Herman Alderson, a. 


Blumenthal, Harry Harrison, a. 
Bregger, John Taylor, a. 
Britten, Eva P., h. 

Brown, Malcolm Makepeace, a. 
Burton, Clare L., a. 

Burton, Mead, a. 


Armstrong, Adelaide Eugenie, h. 
Barnes, G. Lee, a. 

Barnett, Clayton Francis, a. 
Bartlett, Herbert Charles, e. 
_Bayer, Abraham Harry, a. 
Bayliss, Arthur Ernest, e. 
Beckwith, Leslie Morgan, a. 
Benson, Edward Byron, a. 
Berridge, Russell Ward, a. 
Billings, Arthur Witty, e. 
Bird, Ford Marshall, a. 
Black, Donald Cecil, e. 
Blair, David Edward, a. 
Blodgett, Lois Lucile, h. 


Butler, George Sherman, a. 
Butler, Lou Ella, h. 

Cadmus, Roy Lupton, a. 
Campbell, Harry Lee, e. 
Canfield, Clare J., a. 
Canfield, Harold, a. 

Carlson, Ernest Fernand, a. 
Carpenter, Wayne Ferris, a. 
Carson, Anna Elizabeth, h. 
Carver, Josephine, h. ‘ 
Cashin, Raymond Edward, e. 
Castle, Emily Lucile, h. 
Clark, William John, a. 
Clegg, Gilbert, a. 


_ 


— eS WOR 
PEeENN RRR RE ONWwWWOORATU 


to 


Lal So) 


bo 


LR od Mall OU ell ell ll ee OC) 


DEPARTMENT REPORTS. 173 


Leavitt, Lloyd Richardscn, a. 
Lee, Sheldon Beaudry, f. 
Lepper, Russell Lloyd, a. 
Levin, Louis Frank, e. 

Lewis, Leola Irene, h. 

Lillie, Dorothy Alice, h. 
Lloyd, Budd Will, a. 

Long, Dwight Clark, a. 

Love, Alden Butler, a. 

Love, Francis Bloom, e. 
Luther, LaRue Runnells, a. 
McClellan, Albert Lovell, e. 
McClure, Byron M.., f. 
McColl, Victor Clark, e. 
McKinley, Ruth Rogers, h. 
McLean, Harold Parsons, a. 
McWilliams, Robert Harold, a. 
Macomber, Henry Edmund, e. 
Maire,‘ Abraham Lincoln, a. 


Clemetsen, Harold Arthur, f. 
Clyne, Russell Jay, e. 

Collins, Glenn Claude, e. 
Comb, Alexander Maitland, e. 
Cooledge, Victor Renville, e. 
Cook, Wesley James, a. 
Cornelius, William Harold, e. 
Crocker, Emory Stewart, f. 
Cromley, Roy Herbert, a. 
Crozier, Charles Russell, a. 
Culver, Stanley James, a. 
Dalby, Alice Louise, h. 
Dettling, George Harold, e. 
Dicker, Glen George, a 
Dietrich, Clarence L., e. 
Dorris, Dorothy Margaret, h. 
Durfee, Arthur Armson, a. 
Dwight, Samuel Harold, a. 
Edmonds, Gordon Columbus, a. 


Eggert, William Charles, e. 
England, Fred, Jr., a. 
English, Hazel Pearl, a. 
Estes, Howard Robert, a. 
Fick, Hilmar Andreas, a. 
Flanders, Lester Ellsworth, a. 
Foess, Jacob Emanuel John, f. 
Force, Mildred Elizabeth, h. 
Ford, Austin E., e. 

Fox, Harold Nicholas, e. 
Frank, Herman George, a. 
Fredeen, Nellie Alfrida, h. 
Free, Cydna Florence, h. 
Frey, Ernest Jacob, a. 
Frimodig, Lyman L., a. 

Fry, Clements Collard, a. 
Fry, Josephine Lois, h. 
Galliver, George Frederick, a. 
Garthe, Charles Edward, a. 
Gifford, Neil Alfred, a. 
Gillespie, George Henry, a. 
Glidden, Galen McKee, e. 
Goltz, Martha Harriet, h. 
Gower, Daniel Ellis, a. 
Graham, Frank Orrin, e. 
Gretton, Louis Hemans, a. 
Gumm, Amy Ray, h. 
Haines, Albert Wesley, a. 


Hales, Bernice Eulalia Juanita, h. 


Halladay, Louise Virginia, h. 
Halsted, Alfred Theodore, a. 
Hancorne, Helen, h 

Hardy, Harold Dyer, a. 
Harman, Samuel Willard, a. 
Harms, Emma Margaret, h. 
Harris, Frank Baker, a. 
Hausherr, Frank Ernest, f. 
Henning, Ralph Burton, e. 
Henshaw, George Joshua, e. 
Hilliker, Ella Louise, h. 
Himebaugh, Gero Albert, a. 
Himes, Hloyd B., a. 

Hoag, Chauncey Allen, a. 
Hobbs, Fred Stephenson, a. 
Hodgkins, Philip Miller, f. 
Hogue, Donald Barclay, a. 
Holtrop, Grace, h. 

- Hood, Charles Carlisle, a. 
Horton, Bernice Mary, h. 


Housholder, Burton William, a. 


Huebner, Edward Charles, a. 
Jakway, Beatrice Harraden, h. 
Jasberg, Urho Gustav, a. 
Jedele, Lois Corinne, h. 
Judson, Haidee Florence, h. 
Kean, Roscoe David, e. 
Kelham, John Cecil, a. 

Kelley, Roy Palmer, e. 
Kettunen, Arne Gerald, a. 
Kidman, Carl May, a. 
Kimmel, Willis Doyle, e. 
Kittle, Howard Victor, a. 
Klasell, Frances Evelyn, h. 
Knowlton, Herbert John, e. 
Kyes, Neenah Almeda, h. 
LaSalle, Mary, h. 

Lauffer, Earl Axford Robert, e. 
Lautner, Elsie Anna, h. 

Leach, Melvin Arthur, a. 


Manuel, Elmer John, e. 
Martin, John D., a. 

Marx, Frank William, e. 
Mead, Daniel Leo, e. 
Mehmedoff, Mehmed Ali, a. 
Miller, George Fowler, a. 
Moore, Catherine Marjory, h. 
Moran, Lucy May, h. 
Morgan, Ralph James, a. 
Morrison, Janice, h 

Morse, Harlow Alexander, e. 
Muir, Alfred Bierly, a. 
Nelson, Minton Samuel, e. 
Newlon, Guy Adams, a. 
Newlon, Wilson Earle, a. 
Nichol, Alfred Horley, e. 
O’Meara, Percy, a. : 
Openlander, Frank William, e. 
Osgood, Glenn Wereley, e. 
Parker, Esther Anna, h. 
Patch di, ae 

Pate, Edwin Herman, e. 
Patterson, Charles, e. 
Pennington, Ray Alger, e. 
Peppard, David Loser, a. 
Perrin, Helen Gertrude, h. 
Peterson, Helen Inez, h. 
Phelps, Earl Wayne, a. 
Pinckney, Edward William, a. 
Pino, Austin Lester, a. 

Pino, Otto West, a. 

Porter, Alton Millett, a. 
Povey, Hazel Emily, h. 
Powell, Alice May, h. 

Pratt, Leon Albert, e. 


Prillerman, Delbert McCulloch, a. 


Putnam, Henry Nelson, f. 
Quick, Glen Winans, e. 
Rasbach, James Bellinger, e. 
Rather, Howard Christian, a. 
Reid, Thomas Hugh, e. 

Rice, Roscoe William, a. 
Ritchie, Charles, a. 

Roberts, James David, Jr:, e. 
Robinson, Mary Elizabeth, h. 
Rossman, Clare Fite, a. 
Rouse, Charles Hiram, e. 
Ryan, Marguerite Helen, h. 
Savage, William Edward, e. 
Schaller, Etta Katherine, h. 


Scheetz, Clyde Owen Thomas, a. 


Schueren, Elsa Theodora, h. 
Schumacher, Albert Fred, e. 
Seidel, Carl John, a. 
Sheehan, Ralph Whitfield, e. 
Sheffield, Arthur Robertson, e. 
Shelden, Howard Winfield, e. 
Sheldon, John Freeman, a. 
Smith, Albert Knight, e. 
Smith, Howard Galbrath, a. 
Smith, Leon Foster, a. 
Smith, Lou Orene, h. 

Smith, Louise, h. 

Smith, Raymond Clinton, e. 
Snook, Blanche Louise, h. 
Somers, Max Merrill, f. 
Sommer, Henry George, e. 
Spafard, Frank Sullivan, a. 
Stafford, Fred Ward,e. 
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In addition, the following degrees were granted at the close of the 


STATE BOARD OF AGRICULTURE. 


Starr, Richard Mallory, a. 
Stewart, Glen Orland, a. 
Stewart, Hoyt Clifford, e. 
Stewart, Lowell O., e. 

Stough, Charles Russell, e. 
Straight, Bertel Waine, a. 
Sullivan, Richard Plaisted, a. 
Sutherland, Iva Abigail, h. 
Tarpinian, Manuel Sahag, a. 
Tasker, Lloyd John, a. 
Thomas, Glenn Stanton, a. 
Thompson, James Harold, a. 
Thompson, Paul Edwin, a. 
Thompson, William Darius, e. 
Tonkonogy, Michael Raymond, a. 
Towne, Dorothy, h 
Tradewell, Avery Pixley, e. 
Trangmar, Earl Russel, a. 


Tussing, Edna Rebecca, h. 
Valleau, Esther Eldora, h. 

Van Buskirk, William Frank, a. 
Verschoor, Leonard Henry, a. 
Vevia, Paul James, a. 

Walter, Roy David, a. 

Warner, Frank Tolles, f. 
Washburn, Charles Abram, a. 
Waterbury, Hubert Lawrence, e. 
Weil, Norman Oliver, a. 
Weston, Clarence Earl, a. 
Whalen, Frank Joseph, a. 
Wilson, Fred McKinley, a. 
Wilson, Lyle Moody, a. 
Wixson, Harold J., a. 

Wolfe, William Frederick, a. 
Woodworth, Bernice Jean, h. 
Wright, Walter Reside, a. 


DOCTOR OF VETERINARY MEDICINE, 


Bolton, Ray Blaney 
Burgett, Clark Stephen 
Coon, Warren Joseph 
Keck, William Carl 


Kunze, Elmer Frederick 
Stafseth, Henrik Joakim 
Zeltzer, Joseph Elihu 


MASTER OF SCIENCE, 


Awotin, Arnold 

Drew, Herbert Emory 
Godkin, James 

Justo, Manuel 

Munn, Mancel Thornton 


Seeley, Dewey Alsdorf 
Sie, William Kia-Shen 
VanWormer, Lewis Hunt 
Voorhorst, Ray Gordon 


MASTER OF AGRICULTURE. 


Berridge, Ashley Moses 


MECHANICAL ENGINEER, 


Iddles, Alfred 


MASTER OF HORTICULTURE. 


Carmody, John Henry 
Fisher, Durward Frederick 


Schleussner, Otto William 
Truax, Hartley Eugene 


MASTER OF FORESTRY. 


Hilton, Huber Copeland 


Baker, Ray Stannard, LL. D. 
Garfield, Charles William, LL. D. 
Burnett, Edgar Albert, D. Sc. 


Cordley, Arthur Burton, D. Se. 
Gillett, Clarence Preston, D. Se. 
Smith, Clarence Beaman, D. Sc. 


DEGREES GRANTED JUNE 20, 1917. 
BACHELOR OF SCIENCE. 


Peters, Karl Andrew, a. 


MASTER OF SCIENCE. 


Berry, James Alexander 


summer session, 1916: 


Kitchin, Paul Clifford 


BACHELOR OF SCIENCE. 


Gillett, Wallace Heyser, a 
Goss, Henry Ahnefeldt, a 
Granger, Frank Marshall, e. 


Krammin, John Jacob, a 
Quinn, James Rowland, e. 
Waldo, Russell Huntington, a. 


DEGREE GRANTED JANUARY 10, 1917. 
MASTER OF SCIENCE. 


Huddleson, I. Forest. 
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EREACH ER eRe Oe ree tee bree Pall here wees sore: 3 102.2, se 4 
MWMGECEAKEL oye custo ee ia SPIER Becped Parc Al |i eee ees 5 
ViGCCHIMALI ATL: 71s cA P oo eee il aged RS ETS Sees he Ee ea ee reer 2) 2 
NOt statedeeicks oss eia aatees 19 8 Siilamr ices 35 
Respectfully, 
ELIDA YAKELEY, 
Registrar. 


East Lansing, Mich., June 30, 1917. 
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REPORT OF THE DEPARTMENT OF ATHLETICS AND 
PHYSICAL CULTURE. 


To the President. 

Dear Sir—I have the honor to submit the following report of the De- 
partment of Athletics and Physical Culture for the year ending June 30, 
LOL. 

It has been the aim of this department to induce as large a number 
of students as possible to participate in athletic events and training 
and to take advantage of the classes in physical exercise and contests 
as arranged by the department. With the idea of benefiting the whole 
student body we have encouraged intermural games and have had about 
500 students engaged in some sport at various times during the year. 

A regular gymnasium class was held during the winter months and 
a number of the students took part in these exercises. We felt again 
the need for a new Gymnasium as the Armory was entirely inadequate 
to accommodate the students during the winter and it has been en- 
couraging to realize that next year we will be installed in the building 
and able to furnish instruction and room for all those who desire physical 
work. 

Teams representing the College in the various competitive sports have 
acquitted themselves with much credit and we believe the right step 
was taken in our continuing intercollegiate competition. At the present 
writing many of the large universities and colleges have decided to re- 
sume athletics next fall as it has been shown that our system of 
competitive athletics not only encourages loyalty, gentlemanly conduct 
and absolute fairmess, but also equips the boys who participate to take 
their place in times of war as well as in times of peace, for the defense 
of their country or the normal pursuits of life. 

One of our most important athietic events was the Interscholastic 
Track and Field Meet held here on May 25th and 26th. Thirty high 
schools from different sections of the state were represented by about 
150 athletes and prospective college men.- The meet was very success- 
ful and we are confident a number of the participants will attend M. 
A. C., in the near future. The meet has been of infinite value in getting 
the high school boys of the state acquainted with the College. 

The Athletic Association for the past year has been entirely self-sup- 
porting and has paid one-half the salary of the football coach, the salary 
of the baseball coach and of assistant coaches during the football season 
besides the all-fresh coach and the assistant director for the year. 

Athletic training has been given to a large number of students during 
the past year, but we look forward with much confidence to the strength- 
ening and betterment of this department under the leadership of Mr. 
Brewer in the new Gymnasium and feel certain the results will amply 
justify the erection of the new building. 

Respectfully submitted, 
G. E. GAUTHIER, 
Assistant Director. 


East Lansing, Mich., June 30, 1917. 
23 
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STATEMENT OF FUNDS.—M. A. C. ATHLETIC ASSOCIATION, FISCAL YEAR ENDING 
JUNE 30, 1917. 


Receipts. Disbursements. 
July; ol; ol6 Balance onvhand: Aopen sy. mice eek etait $2),.249' 43 “|, Sic yr ere 
Gate yTECelDIS 31 Cekctisa tooo eer hen ae eee mere (a)4,236 60 
PeaSOm PICKS Meise ce terra eet ae eee ee 216 00 

Guwalantees ci ras <7 8 dc, eoeten ys Clery een hohe ena ee (c)8 ,638 04 (b) $4,923 00 

Studentsfeess 4.cn haath aac chase oes Ce 6,953 74 16 

STALE PADIG sae cove eer aie eee ee ee emia ae SDNDD 1,726 90 

Salanies; labor. $72 5.04 6.eae cicero oe |e eee 4,430 00 

Officiating’ 5 Fe Pee Ue oe oe A eee 794 58 

{Praivel-ses fo. cy ccc clas Leave oa Pere ee ete | CE eae nl ee 3,501 81 

Office and: generalsupplieS= Sameer Sareea oe. eat eee eee 4,786 97 

PHD EINE 2 eS aA Se ee pena orig re eee ee PPP Prat res ed 563 40 

Miscellaneous). Soyer re etek ne ee on tone 79 88 793 63 

June 30,1917. ‘Balanceronuhandiersassce toe 6 hits an See oe ee eee cre eee eee 840 79 

Motels to tp ik eee a Se ere ear ees $22,407 24 $22,407 24 
(a) ear ootball receipts. 2). Ae ees ae $3,922 75 
(Basketball receipts... 2. 2s ae eee 149 75 
(a). (Baseball: receiptsitisahen ace one ee eon 164 10 
(b) Bootballieuaranteesi ns waar ee $7 ,666 54 
(b)) Basketball guarantees-e.3.)0. 5.2m oe meee 811 50 
(Db) “Baseballeuarantees =. ancotesees se eee eee 160 00 
(e)) Bootball suaranteess. neo aan cae $2,900 00 
(@)Basketballiouarantecs: 9s. ore pean ee ine 922 00 
(c)) ‘Baseball-euaranteescc2 5. neces toler en. 1,101 00 

A. M. BROWN, 
Treasurer. - 


REPORT OF THE DIRECTOR OF THE SUMMER SESSION. 


President F. 8S. Kedzie, College. 


Dear Sir—I hereby submit for consideration such data as I judge may 
be of interest concerning the Summer Term now in session, including the 
supplementary conferences—Rural, Boys’ and Girls’—held during the 
- period July 5-12. 

The following statistics show the composition of our student body for 
the present term and that of one year ago: 


1916 1917 
Total “enroOulMenl, ce ais 6 os hese clone cases 239 196 
Number: Of = meu e-..k 6. oeestoe poco roca ee . 156 i 
Number ‘OF WODTEI-(.). eee ee he EROS 104 
Number of regular students: 
Wein ee ties congo etter a eee eres LAR et eee saree eee 75 
WOMEN rks cue see ocean rasa SME BE AS Me ceeds 49 
Number of rural ‘teachers shales create ax ecard ee) B55 32 
Number of. county normal teachers ...... 5 1 
Number of new students ......... EE ort a ee 024 60 
Number of M. A. C. graduates ............ 28 5 
Number, of other pradaates 2 202s ant 0 5 
Number of candidates for advanced degrees... 17 5 
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Nore.—The period covered by this report extends into the next fiscal 
year, however, to make the subject matter timely reading, it has been 
deemed wise to publish it in the report for the year ending June 30, 1917. 


Distribution of students in departments. 


1. Regular courses for students enrolled for degrees. 


ATUATIT AN EL US DAMON vcctena sy sonore e wre !s 2 aa, «ice = opens terres 24 
ERTECERIOLOS Ys morcic ees teem ecais foie cpa lel taerie Baie ois) ioc ete wie tt 
PEST Vig Re Sore er Are heen eal Ale Soe aa canis yee sh dia ey oe eee as 14 
ROOTS MV saat eragtohke ie tree ee en ee seo oO 
De Wia 2o? 2 iS) Lys ab oy gigas Seon ae a tem em Ati Eh 10 
DOMES ETAT hace eee eas cna o wlll CS slates manera: ae 
DMR INE STONE OT: Ao: cee Maioery aero: Seo ee capuqtn ve temay oie ot of 8 
are LYS concent ates hogs Wie ew oes eee uate © ¢ CLs a 79 ehh pares 30 
IB COMOMINES. oF 59 at ce Donkin c sous fe syensie's chee tate a8 oo Geta eae 28 
RTM OVO S hac, sors oo ele lane, an ie tse LA ag ote eo au looms > eats x 
ELT SUONY Eredar, a5 ceases niche Soa ape Se ag oe elo eal cae a ec ene 8 
ETOP UIGUICUIO™. wo wrote = 6 one Sooo share co eee rt reer ee 8 
As E20 20 al oe gi a-ha tale ee 5 
WMP UM GMA cso. 0 aise s a ace us coca cevohe e airel ate ae ee cnet D4 
IDWS eters icin catcreg? © cscs ageue tc te conan oes: sass eae a a cup 20 
[EAU gs CI 110i Shae ates a ag aia ie ee Porat nes 9 
Feoulltasy= Elis anys ce. < storesssats Ase ate aim «wae erase eh ete, ose + 
2. Special courses for rural teachers: 
ENR CUL LUT OMY RIN Gavero fase Wet NE gt Pe alae the 8 Asie, 
Commiunitey plieadershi psi.) titi. aes idly ew Lh 
Giese Gre WA Uy ek se tattoo laine ve sede a evel -8 
Domestic: SCUMCl+tG anoaks Week ee See a Sees 4 
Special English ...... Saeed cee Re diem it 
Gardening \.2 205.205. 28 en te eee ee ee 6 
General Science «(Nature Study i v2.2) ese te ee sl 
Rrra Wauca tome. fice. ewe We eee Peas 5 
Rural Pedagogy: rain ose eck 6 On cee ee ee 6 


These statistics warrant several observations. 

1. The enrollment of men has suffered. The loss in attendance is 
probably attributable to the unsettled conditions of this year. 

2. The number of new students is practically equal to that of last 
year, indicating that we have held our own in outside attendance. 

_ 3. The number of rural teachers in attendance is double that of last 
year. 

4. The number of advance students, both from our own college and 
other institutions has fallen off materially. The demand for trained men 
in the conservation programs no doubt explains this fact. 

5. The students in attendance are- widely distributed through the 
regular courses offered. 

6. The rural teachers are scattered through the several courses. The 
enrollment in Nature Study, Community Leadership and Special English 
warrants the conclusion that supplementary courses of this type are 
needed in company with elementary Agriculture and Home Economics. 
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The above figures show the distribution of the regular college students 
in the various departments. Of those enrolled, thirty-three are students 
deficient in one or more subjects who have remained to remoye their 
deficiencies. One hundred and sixty-three students are taking work in 
which they have never previously enrolled. Of the total number in at- 
tendance, six students are completing work for a degree at the end of 
this session. 

The group of thirty-two rural teachers enrolled this year deserves 
special comment. This number is double the number enrolled last 
year and represents seventeen different counties of the state. These 
students are distributed among the various special subjects as the above 
statistics show, and I find through a questionnaire that they are attracted 
to this institution by the practical value they hope to get from these 
courses for use in the schoolroom. This value they are finding, ac- 
cording- to their testimony, in every one of these courses. In addition, 
they are getting an acquaintance with the activities and spirit of this 
great institution which they are going to carry back with them to their 
work. This gives the College another avenue of approach to the rural 
community and an opportunity to help shape the education of boys and 
girls of these communities whose training has been too much colored 
by the city-trained minds of the teachers. There is need of a rural- 
mindedness on the part of teachers, which can be secured at an institution 
of this kind. Furthermore, such training will contribute its bit to the 
better appreciation of the work of this institution throughout the state. 
These persons are bound to become disseminators of information. If 
we can have the proper vision of this value and the patience to cultivate 
its possibilities, the Summer Session may become an invaluable feature 
of our school year for such individuals and for ourselves. This does 
not mean large numbers, but a sufficient number to effect the standard of 
rural education. 

In connection with this summer’s attendance, I wish to acknowledge 
the debt owed to our extension workers for their service in directing 
the attention of rural teachers to our summer work. Many have come 
as a direct result of their efforts. 

Following the plan of previous years, the College held a rural con- 
ference to which all persons interested in rural problems were invited. 
In 1915 this conference enrolled twenty-five; in 1916, forty-two; in 1917, 
two hundred. The program continued for one full week, 

The attendants upon these sessions came from widely distributed 
parts of the state. 


Number’ of counties: répresented: Valu. 2. shen eee AL 
County sending largest number—Ingham and Shiawassee. 13 each 
Number of church denominations represented ........ 10 
Total. communities “represented: -~ ...0. 25+... 4) eo eee 120 
Number of women present: 2. < stock. oa eee 3 
Y¥: MiG A. Secretariess (ei, oc os cial oe es i) 
Total: attendance >... ...... Pe eee ee i ele Se 200 


The program of this conference dealt with the interests of the rural 
community, from moral, educational, recreational and industrial points 
of view. The purpose in mind on the part of the College were improve- 
ment of those who serve the various rural communities by rendering 
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them more intelligent as to rural affairs in the pursuance of their work 
as well as to increase their enthusiasm for the life and work in the 
rural community. 

The participants in the program. were individuals who had achieved 
in some field which enabled them to speak with confidence and authority. 
Rarely has any gathering upon this campus been characterized by a 
greater degree ‘of genuine enthusiasm, and real interest in the subjects 
presented than has been the case in this gathering. These individuals 
will return to their homes with an intensified interest in their labors 
and with a warm place in their hearts for this College whose royal 
treatment brought forth their emphatic appreciation. Thus has the Col- 
lege had an opportunity to cultivate the friendship of representatives 
of the rural communities who are in positions to cooperate with the 
College in its efforts for community betterment. The spirit of this 
gathering may be judged from the fact that this body asked for a con- 
tinuance of this conference next summer with a request that the program 
Shall consist partly of courses of study in the various phases of agri- 
culture and home economics through a period of two weeks. 

A second annual conference of Boys’ and Girls’ Club Leaders was 
held July 9-14 with an attendance of one hundred and fifty-two. Last 
year this gathering drew one hundred to the campus. The program was 
designed as a training school for the club leaders of the state, and 
consisted partly of periods for discussion while other periods were de- 
voted to demonstrations. Like its predecessor of last year, this gather- 
ing was full of genuine interest and enthusiasm. 

In closing I desire to express my appreciation for the universally 
splendid spirit of cooperation which has prevailed both on the part 
of teachers and of pupils. 

1 believe the efforts of our teachers are bringing forth desirable results 
in that they are demonstrating beyond question the value of this session 
by making it clear that there is work well worth while for the College 
at this period of the year. Two things need to be kept in mind at this 
time, it seems to me. The present session has suffered in attendance as 
might have been expected, since it opened at a time of very great stress 
on account of the war. As a result the expense of the session is pro- 
portionately higher, although the total cost is less than that of last year. 
The terms of the regular year will suffer in the same way but no one 
will assume to judge the merits of the College by results at such a 
period. In brief, the factor of very great concérn is whether the insti- 
tution is performing an important service to the commonwealth or not. 
This should be judged in the light of existing conditions. In the second 
place, I would note that the work of the summer is of a distinctive 
character such as is not found elsewhere in any summer school in Michi- 
gan. Furthermore, this work being of a different character, the value 
of it is not appreciated over the state, nor is it an easy matter to ac- 
quaint individuals with the peculiar merits of our courses. With the 
tendencies in education so apparent today, it would seem a reasonable 
supposition that the opportunities of this type of schooling will be more 
and more appreciated and that the College will find its Summer Session, 
as well as its other sessions, of rapidly increasing value. 

Respectfully submitted, 
E. H. RYDER, 

East Lansing, Michigan, June 30,1917. Director Summer Session. 
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ANNUAL REPORT OF THE LIBERAL ARTS COUNCIL. 


To the President and Members of the State Board of Agriculture: 


The Liberal Arts Council has consisted, during the past year, of the 
following faculty members— 


Professor H. J. Eustace. 

Professor W. W. Johnston. 

Professor W. H. French, Chairman. 
Student members— 

Tw. Keating. 

R. S. Raven. 


The Council elected as officers the following: 


Chairman and Secretary, W. H. French. 
Treasurer, H. J. Eustace. 


During the summer and fall of 1916, the Chairman, through con- 
siderable correspondence, after careful consultation with President 
Kedzie and with other members of the Council, secured the following 
list of entertainments. These entertainments we are pleased to report 
have been of a high type and we feel sure that they have benefited the 
student body in many ways: 


Oct. 24th. The Mawson Motion Pictures Concerning the Shackle- 
ton Investigations of the Antarctic regions.......5100 
Jan. 23rd. Professor Alfred Noyes, visiting Prof. of English at 


Princeton. University 224-2 t-.cn es. one er 200 
Feb. 6th. Frederick Palmer, European War Correspondent. ... 200 
March 6th. Prof. A. M. Wenley, University of Michigan........ 50 
April 15th. Musical Entertainment by College Glee Club ....... 150 
May 16th. Minneapolis Symphony Orchestra.................. 382 


The last entertainment being given in the Auditorium in Lansing. 

The entertainments have all been given in the Armory, except the 
Symphony Orchestra. The attendance of the student body has been ex- 
ceptionally good, showing a rapidly growing interest in this type of 
college instruction. Nine hundred fifty-five (955) students attended the 
musical entertainment at the Auditorium. 

The financial statement appended hereto will show the receipts and 
expenditures for the year, and the balance remaining in the fund at the 
close of the year. 

Respectfully submitted, 
W. H. FRENCH, 
Chairman. 
H. J. EUSTACE. 
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RECEIPTS AND DISBURSEMENTS. | 


Committee on Liberal Arts. 
School year 1916-1917. 


Receipts : 
June 30, 1916. Balance on hand ....$ 319.28 
June’30,1917.. Student fees ........ 1,391.26 
(Ate TOCOIPUSE Pelee ras 2226's eer aye eite’s 154.25 
Disbursements : 
June 30, 1917. Refund to students .... - 2,99 
abory.cy....iee co aes 51.75 
Entertainments ...... 1,160.00 
Prints @).. ee oe 14.00 
Miscellaneous ........ 73.30 
Street car expense .... 63.00 
Balance on hand ...... 499.75 


$1,864.79 $1,864.79 


H. J. EUSTACH, 
Treasurer. 


REPORT OF THE STATE INSPECTOR OF NURSERIES AND 
: ORCHARDS. 


To the State Board of Agriculture. 


Gentlemen—During the past year, the work carried on by this depart- 
ment has not differed materially from that of previous years. As soon 
as the season was sufficiently advanced so that we could be reasonably 
certain there would be little danger of the trees becoming infested 
previous to being dug in the fall, they were carefully inspected and 
certificates were granted to all of the nurseries in the state, except a 
few where the certificates were withheld until. the conditions were im- 
proved. For the most part, the stock was found to be in excellent con- 
dition so far as injurious insects and diseases were concerned. This 
was especially true of the nurseries proper. The principal difficulty was 
found upon the premises of a few dealers and growers of small fruit 
plants who had the previous spring purchased a number of fruit trees 
and, being unable to dispose of them, had lined them out to grow for 
another year. During the summer they had become infested with the 
San Jose scale and in two cases it was found necessary to condemn the 
entire nursery plantation. 

Not only were the trees in the regular nurseries free from the San 
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Jose scale but the injury from plant lice, wholly aphis and crown-gall 
was much less than in previous years. 

Owing to the fact that comparatively few farmers are putting out 
apple and peach orchards, several of the largest nurseries in the state 
have had a surplus of these trees on hand at the end of the shipping 
season and this has caused a considerable reduction in the acreage so 
far.as fruit trees are concerned. However, they have turned their at- 
tention to ornamental trees and shrubs so that the actual acreage is 
as much, if not larger than it was before. Since such’ trees and shrubs 
as the mountain ash, Prunus pissardi, Japan quince, Cornus siberica and 
others which are quite subject to the attack of the San Jose scale have 
been very generally dropped from the planting lists, the ornamental 
nurseries have been quite free from this insect. 


ORCHARD INSPECTION. 


Under the state law, provision is made for the inspection of orchards 
by local Boards of Inspectors. In sections where fruit culture is of 
commercial importance, the townships have made it a practice to appoint 
inspectors for the purpose and in most cases they have done efficient 
work. During the year, we have endeavored to secure the appointment 
of local inspectors in all townships, cities and villages where the con- 
ditions seemed to warrant it. Letters were sent to all the supervisors in 
the counties where the San Jose scale has been troublesome and their 
attention was called to the requirements under the law. We have been 
informed that a large number of the inspectors have been appointed. We 
have been able to aid them by offering suggestions and information re- 

garding their duties. 

The ‘nembers of this department have also responded to many calls 
from townships where there were no local inspectors or where for various 
reasons they may have asked for assistance. Particular attention has 
been paid to the inspection of orchards in counties along the northern 
limit of the San Jose scale area with the idea of preventing its further 
spread. We are very glad, indeed, to report that while it has been found 
in a few cases further north, very little harm has been done north of a 
line drawn from Ludington to Bay City. There are, of course, many 
places south of this line where the scale has never appeared and in the 
southern part of the state, conditions are greatly improved, partly due 
to the cutting down of old orchards as well as to thorough spraying and 
the work of insect parasites. 

The injury done during the year by peach yellows and little peach, 
black knot and other diseases, as well as by the canker worm and the 
other destructive insects, was less serious than in previous years. 


EXAMINATIONS OF IMPORTED NURSERY STOCK. 


Although the amount of stock imported from Europe during the past 
year was the smallest since the work of inspection was taken up, the 
time required was nearly as much owing to delayed shipments which 
tended to increase the number of inspection trips required. The inspec- 
tion notices made it very clear that the delays occurred after the stock 
left New York City and as it was not uncommon to require four weeks 
for the stock to reach Michigan after leaving New York City, in addition 
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to the time required in crossing the ocean, it was not strange that much 
of it arrived in a damaged condition, particularly greenhouse plants 
which did not arrive until after Christmas. The inspection is particular- 
ly necessary to prevent the introduction of the gypsy and brown-tail 
moths and we are very glad to report that no specimens of either insect 
were found upon the imported stock. 

This department is also furnished by the United States Department of 
Agriculture with reports of all shipments of nursery stock, timber, stone, 
etc., from the gypsy moth area in New England and whenever possible 
we have arranged tu examine this stock upon its arrival. The freedom 
of the shipments from insect pests indicate a very thorough inspection 
on the part of the state and federal authorities. 


WHITE PINE BLISTER RUST. 


Reference was made in my last report to this new danger which 
threatens the Michigan white pine forests and the ornamental planta- 
tions. During the year, Congress made an appropriation of $300,000.00 
to enable the United States Department of Agriculture to prevent the 
spread of this disease and to eradicate it wherever possible. The depart- 
ment was also authorized to promulgate such quarantine measures as 
was deemed necessary for the purpose. A hearing was held in Washing- 
ton on April 10, 1917, by the Federal Horticultural Board which was 
attended by representatives from a large number of states as well as 
by many nurserymen. After thoroughly investigating the matter, the 
Secretary of Agriculture announced a quarantine which forbade the 
shipment of white pine and other five-leaved pines, as well as currents 
and gooseberries, from any state east of the west line of Minnesota, Iowa, 
Missouri and Arkansas into any state west of that line. Shipments of the 
five-leaved pines and black currants from New York State and from the 
New England States into any other state, were placed under quarantine. 
At the hearing in Washington, it was shown that although the greatest 
injury has been done in the above states, the disease is found in New 
Jersey, Pennsylvania, Wisconsin, Minnesota and Ontario. Some years 
ago it was also found in Ohio and Indiana but the infected trees were 
destroyed and no trace of the disease has been found for a number of 
years. 

Until the past spring, we had no knowledge of the disease in Michigan. 
As stated in the report for 1916, all of the nurseries growing white pines 
and many of the ornamental plantations, were examined during the year 
by specialists from the United States Department of Agriculture and no 
trace of the disease was found but it has now been discovered upon four 
trees in a nursery in the eastern part of the state. These trees were 
brought from France some eight years ago and from the location of the 
infection at the base of the trunk, it was very evident that the trees 
were infected when they were imported. None of the trees in the 
shipment showed any indications of a secondary infection. The owner 
has not only destroyed the trees in which the disease was found but all 
of the other trees in the block to the number of nearly 100. During 
the last three or four years, something like twenty-five white pines have 
been sold by this nursery. All of these have been carefully examined 
without finding trace of the disease. We trust that it will give no further 
trouble. 
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In order that every precaution for preventing the spread of the disease 
in the state might be taken, arrangements were made to cooperate with 
the United States Depar tment of ‘Agriculture for a thorough survey of 
all of the nurseries in which white pines are being grown, also of orna- 
mental and forestry plantations of white pines as well as currants and 
gooseberries, which are the hosts of this disease in two of its stages; 
the Department of Agriculture agreeing to furnish trained specialists 
to make the inspection and locate the disease while this department was 
to take charge of the eradication of infected specimens. 

The Bureau of Plant Industry, through its Office of Forest Pathology, 
placed the work in charge of ‘Dr. L. i. Pennington, of the School of 
Iorestry of Syracuse University, who with eight assistants entered upon 
the work on May 15th but, with the exception of the white pines referred 
to above, no trace of the disease has been found in Michigan. The work 
of inspecting the white pines will be completed by the middle of July, 
after which the inspection of currants and gooseberries, both native and 
cultivated, will be taken up. 


The following is a list of the Michigan nurseries licensed to grow 

g g $s 
and sell nursery stock in Michigan, also of the licensed dealers and of the 
nurseries in other states which have taken out licenses. 


LICENSED MICHIGAN NURSERIES FOR 1916-17. 


Allen Brothers, Paw Paw. Daly, Thomas W., Watervliet. 
Asman, C. W., Port Huron. Dalzell, B. F., Muir. 
Babcock & Sons, Geo. M., Charle- Dressel, Gilbert L., Frankfort. . 
Voix. Dunham, Enos W., Baroda. 
Baldwin, O. A. D., Bridgman. Elliott H. B., Trenary. _ : 
Bashford, C. L., Mason. Emlong & Sons, Bridgman. 
Behnken, J. H., Jerome. Ferrand & Sons Co., E., Detroit. 
Bigelow, J. N., Bangor. Fetters, Theodore J., Harbor 
Bliss, A. W., Harbor Sua Springs. 
Boehringer Brothers, Bay City. Flansburgh & Son, C. N., Jack- 
Bohl, William, Buchanan. son. 
Bridgman Nursery Co., Bridg- Freeman, Walter, Otia. 
man. Frissel, Martin, Muskegon. 
Bridgman Nursery Co., The Geo. Gill, Mrs. Bertha M., Ypsilanti. 
W., Benton Harbor. Glenwood Nurseries, The, Hol- 
Brooks Co., J. C., Detroit. land. 
Burgess Seed and Plant Co., Greening Nursery: Co., Monroe. 
; Galesburg. 4 a z Gustin, Chas. F., Adrian. 
Celery City Nurseries, Kalama- Hemingway, Geo. R., Ironton. 
ZED Hamilton & Sons, A., Bangor. 


Cole, Levant, Battle Creek. 
Sollins, Ward E., Fennville. 
Coryell Nursery, The, Birming- 


Hampton, J. E., Bangor. 
Hanes, Peter, Farmington. 
Havekost, Geo. H., Monroe. 


ham. 
. Hawley, Geo. A., Hart. 
<ersk J is 4. G re 1 Ra Oz > ; 
ee See Le eae Hawley, Henry E., South Haven. 
Curtis & Son, L. T., Flint. Helmer Farm Nursery, Battle 
Cutler & Downing, Benton Har- Creek. 


bor. Hibbler, E. B., Detroit. 
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Hurlbut-Cross 
gor. 

Husted & Co., N. P., Lowell. 

Ilgenfritz Sons’ Co., I. E., Mon- 
roe. 

Insulinde Nurseries, Kalamazoo. 

Jeffrey, Thomas, Kalamazoo. 

Kalle Brothers, South Haven. 

Kalamazoo Nurseries, Kalamazoo. 

Katzenberger, Valentine, Fos- 
ters. 

Keith Brothers Nursery, Sawyer. 

Kellogg Company, The R. M., 
Three Rivers. 

ideinhans Ploral Co., -D., St. 
Louis. 

Knapp, W. F., Monroe. 

Knight & Son, David, Sawyer. 

Lakeshore Nursery Co., Bridg- 
man. 

Lohrman Seed Co., Detroit. 

McCormick Nursery Co., Monroe. 

Maplehurst Gardens, Three Riy- 
ers. 

Marvin, O. F., Holton. 

Mayer, Jr., Michael, Merrill. 

Merrill, W. F., South Haven. 

Mershon, W. B., Lovells. 

Michigan Nursery Co., Monroe. 

Miller, Abner, Bravo. 

Morrill, Roland, Benton Harbor. 

Munson, J. Pomeroy, Grand Rap- 
ids. 

Mutual Nurseries, Monroe. 

Myers, P. J., Bridgman. 

Myers & Merrifield, Gobleville. 

Nelson & Son, J. A., Paw Paw. 

Newell, Reuben, Highland Park. 

Nieb, Daniel P., Niles. 

Niles Nursery Co. The, Niles. 

Nu-way Nurseries, Lansing. 


Nurseries, Ban- 


LICENSED DEALERS IN 


Alferink, Albert, Holland. 
Bemb Floral Co., L., Detroit. 
Boyd, Joseph B., Traverse City. 
Brown & Co., Clara, Jackson. 
Buskirk, C. M., Big Rapids. 
Clawson Nurseries, The, Claw- 
son. 
Cross, Eli, Grand Rapids. 
Crowley-Milner Co., Detroit. 


Oakland Gardens Nursery, De- 
troit. 

Orchard Lake Nursery, Orchard 
Lake. 

Owens, Geo. B., Leslie. 

Pitcher, W. D., Buchanan. 

Pontiac Nursery Co., Detroit. 

Potter, E. W.,: Leslie. 

Prestage, J. G., Allegan. 

Prudential Nursery Co., Kalama- 
ZOO. 

Quandt, Elmer, Dearborn. 

Rasmussen, R. J., Marlette. 

Reeser, H. C., Niles. 

Rice, Miss Greta B., Port Huron. 

Robbins, A. L., Bangor. 

Rokeley, J. N., Bridgman. 

Rouse Fred, Woodville. 

St. Joseph Nursery, The, St. 
Joseph. 

Saier, Harry E., Lansing. 

Schenck, Geo. H., Elsie. 

Schild, H. J., Ionia. 

Seel, J. J., Frankfort. 

Shepard, Chas. E., Lawton. 

Smith, Henry, Grand Rapids. 

Spielman Bros., Adrian. 

Taft, Howard A., South Haven. 

Tindall, W. F., Boyne City. 

Walcott & Cole, Levering. 

Ward, Paul L., Hillsdale. 

Westmacott, H. 8., Montague. 

Weston & Co., A. R., Bridgman. 

Whitten, C. E., Bridgman. 

Wilcox, C. W., Kalamazoo. 

Wise, Ralph, Plainwell. 

Wolverine Cooperative Nursery, 
Paw Paw. 

Wolverine-Detroit Nursery, De- 
troit. 


NURSERY STOCK. 


Davison Nursery Co., The, Davi- 
son. 

Dean, George H., Shelbyville. 

Derrickson, Henry, Coldwater. 

Detroit Landscape Construction 
Co., Detroit. 

Detroit Shade Tree Co., Detroit. 

Edwards & Chamberlain Co., Kal- 
amazoo. 
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Killis, Daniel H., Saginaw. 

Fair Oaks Nursery Co., Traverse 
City. , 

IFreyling & Mendels, Grand Rap- 
ids. 

Gibson & Son, 8. B., Detroit. 

Gleaner Clearing House, Detroit. 

Grand Rapids Nursery Co., Grand 
Rapids. 

Grohman, H. A., Saginaw. 

Hallman, W. S8S., Coloma. 

Harris Bros. Seed Co., Mt. Pleas- 
ant. 

Healy, William, Bloomingdale. 

Hotchkiss, Caleb, Detroit. 

Hudson Co., The J. L., Detroit. 

Hughes, Charles P., Hillsdale. 

Isbell & Co., S. M., Jackson. 

Jones, Sons & Co., J. R., Kala- 
mazoo. 

Knapp, J. W., Lansing. 

Kknoch, Gustav, Detroit. 

Kresge Co., 8. S., Detroit. 

Nelson, Charles A., Northport. 

Pearson & Co., D. S., Detroit. 

Pult, Casper J., Detroit. 


Rayl Co., T. B., Detroit. 

Reed, W. F., Flint. 

Shorewood Farms Co. 
tuck. 

Slanker Nursery Co., 
Harbor. 

Smith & Co., E. M., Detroit. 

Stover, F. J., Traverse City. 

Strittmatter, Adolph, Detroit. 

Sweet L. H., Carsonville. 

Trankla & Co., Chas., Grand 
Rapids. 

Valley City Nurseries, Grand 
Rapids. 

Van Bochove & Brother, G., Kal- 
amazoo. 

Vogt, D., Coldwater, 

Walthers Dept. Store, Bay City. 

Webb & Co., D.:S., Traverse City. 

Weller, Barend S., Holland. 

Wells, R. H., Detroit. 

Westgate Nursery Co., H. L,, 
Monroe. 

Witbeck, F. M., & Son. 

Wolcott Nurseries, Jackson. 


, Sauga- 


Benton 


LICENSED FOREIGN NURSERIES. 


Allen Nursery Co., Rochester, 
INS Na 

Augustine & Co., Normal, Il. 

Bogue, Nelson, Batavia, N.Y. 

Brow Nursery Co., F. W., Rose 
Hill. 


Brown Bros. Co., Rochester, N. 


Ve 

Bryant & Son, Arthur, Princeton, 
100% 

Bryant Bros., Dansville, N. Y. 

Burr & Co., C. R., Manchester, 
Conn. 

Central New York Nursery Co., 
Geneva, N. Y. 

Charlton Nursery Co., Rochester, 
NEN 

Chase Bros. Nursery Co., Ro- 
chester, N. Y. 

Chase, Charles H., Rochester, 
IN; ¥; 

Chase Nurseries, The, Geneva, 
INS Ne 


Dreer, Henry A., Ine., Philadel- 
phia, Pa. 


Fairview Nurseries, The, Roches- 


ter N.Y: 

First National Nurseries, fRo- 
chester, N. Y. 

Fruit Growers’ Nurseries, New- 
ark, NOY. 

Guaranty Nursery Co., Roches- 
LGR SNe. 

Harman ‘Nursery Co,, M: 9s 
Geneva, N. Y. 

Harrison & Sons, J. G., Berlin, 
Maryland. 

Hawks Nursery Co., Rochester, 
NW 

Hooker Brothers, Rochester, N.Y. 

Huntsville Wholesale Nurseries, 
Huntsville, Ala. 

Jewell Nursery Co., Lake City, 
Minn. 

Jewett, Z. K., Sparta, Wis. 

Knight & Bostwick, Newark, N.Y. 
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La Pointe Nursery Co., Geneva, 
INS YE 

Moon Co., The, Wm. H., Morris- 
ville Pa. 

Moore & Co., W. C., Newark, N.Y. 

Nelson & Sons, Swain, Chicago, 

eet 
Pennsylvania Nursery Co., Gir- 
ard, Pa. 

Perry Nursery Co., Rochester, 
Ne ¥: 

Pickett, A. R., Clyde, Ohio. 
Rhinelander Nursery Co., Rhine- 
lander, Wis. | 

Rice Bros. Co., Geneva, N. Y. 
Stark Bros Nursery Co., Louisi- 
ana, Missouri. 


Stuart & Co., C. W., Newark, 
Ne Ye 

Taylor & Co., H. 8., Rochester, 
IN NG 

Walton, Cary A., Greenfield, In- 
diana. 
Weeks Nursery Co., C. H., Lyons, 
IN fee | 
Western New York Nursery Co., 
Rochester, N. Y. 

Westminster Nursery Co., West- 
minster, Maryland. 

Wheelock & Congdon, North Col- 
bins NG AY 

Woods, A. E., Greenfield, Ind. 

Woolworth & Co., F. W., Buffalo, 
NY: 


Respectfully submitted, 


L. R. TAFT, 


State Inspector of Nurseries and Orchards. 


Kast Lansing, Mich., June 30, 1917, 


REPORT OF THE DEPARTMENT OF METEOROLOGY. 


Dr. F. S. Kedzie, President, Michigan Agricultural College. 


East Lansing, Mich. 


Dear Dr. Kedzie—I have the honor to make the following report con- 
cerning the work of this department for the year ending June 30, 1917: 

Kleven students enrolled in the fall term of 1916, for instruction in 
meteorology, and the usual course, along practical lines was given. 

During February, 1917, a series of twenty lectures was given to the 
two-year Short Course students about 29 having enrolled for this subject. 


East Lansing, Mich., June 30, 1917. 


Very respectfully, 
D. A. SEELEY, 
Instructor in Meteorology. 
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Monthly Meteorological Summary, Lansing, Michijan, July, 1916. 


‘Temperature. This month since 1863. 
| - Precipita- ¢ eee i 
Date. ' Baran Character cf ageof | 
inches. eae Date Mean | Total 
Highest. | Lowest. Mean. Sp SEE: Year. tempera- _ precipita- 
| ture. | tion. 
| 
a 83 | 55 69 0 | Partly cloudy... 80 | 1863 |... -2|e- esses: 
Eee a 86 | 61 74 OiCleas sae sae: 78 | 1864 74.5 1.25 
eae 79: | 57 68 Or e@lears oe Be... 85 | 1865 65.6 3.91 
Bae rst 84 | 55 70 Oni Clears {e532 100 1866 Chee 4.19 
sets ee 84 56 70 On| k@lears A. az ve 100 | er i-6 Te 
‘ ial! 
ee eee 86 57 72 OtlsClears.2 oe one 99 1869 70.4 Bus 
hae octrs | 87 58 72 0 ier ae AE 100 | 1870 i ae 
Ce eee 82 55 68 Oi |hGlearset 2 = 332 95 | 1871 ) .10 
ae Se 79 3 66 0. | Clears estes oa 80 | 1872 74.9 3.36 
Ores so S. 84 52 68 Ocig@lear=oe eee 100 | Ey a 5B 
874 0 25 
five ee 2) 91 62 76 OntClearseee es .2 100 | 1875 69.7 2.42 
Sie Pee 94 69 82 0! Partly cloudy... 84 | 1876 72.5 2.10 
1S} oe 85 65 75 0.05 } Partly cloudy... 58 | 1877 71.4 | 2.25 
TA i 89 60 74 ON Clearer tenner 100 | 1878 73.0 | 2.96 
Meee te | 92 64 78 0 | Partly cloudy... 91 1879 74.0 | 2.19 
1880 68.0 6.27 
Geren fos = | 91 70 80 0.04 | Partly cloudy... 94 | 1881 73.1 1.81 
(| 5ap eet 87 68 78 On| 2@lear sae 100 | 1882 67.5 2.32 
i eee a 66 78 0 ee EE eo 100 | sas 68.9 11.27 
Ln | 4 68 81 0 Cate or chor 99 | 1884 68 .0 2.60 
Dh 2 Spee 86 69 78 0 | Partly cloudy 6S | 1885 0 | 2.52 
| _ 1886 70.7 0.65 
PA te ee aie 87 65 76 QoliOleace Beas. 100 1887 75.5 1.50 
21), i ae 92 61 76 0 | Partly cloudy. . .| 89 1888 70.5 2.40 
7 ae ee | 91 62 76 | 0 Heareiee : ol. ao | 100 i889 70.2 | 3.41 
Be eed 3. He 61 78 0 Clear. .| 100 1890 fae 0.92 
eres: 5 64 80 OsiiG@ledrecc aha 100 1891 8 aes 
1892 ' 00 
DOss aoe: 95 65 80 On| Gléar inca 100 1893 (OE 1.86 
he ee 98 69 | 84 | 0: |2@leare ya tee. 65 1894 73.2 0.86 
DOTA: 97 70 | 84 0 | Partly cloudy... 76 1895 70.5 1.47 
DO Re | 102 72 87 On}sGléar A. the oa 100 1896 71.8 6.73 
5 eee | 101 74 8s OnliCleansecnerreec | 79 ‘1897 73.8 8.49 
Sj | 89 63 76 | OR Clesr ee ye. Se | 98 1898 70.0 1.34 
== — 1899 69.8 PAI! 
Meaoulia hes CeMmipenatuneariey cada Nee okie Aavotser toe spare Mace oe hee cite 89.5 1900 69.6 4.15 
Mcranlo westitemperagiire ter, buon cakes sonst Oe dike Hola es bonne 62.7 1901 74.2 5.08 
Meantemperatiretor months.) ici oot. ok oalentmacceneenobe: est Ae 76.1 1902 70.6. i183 
GPANTeCIMI LAGI LOL WOES Pe eee Ly a. eee ph oh weet miee oct 0.09 1903 67.9 3.79 
1904 69.2 | 1.97 
WEATHER 1905 69.8 2 .75 
1906 70.8 23 
NT DeLrCay es Clear? orl Sect e 1s rho ca ete ee ate ine ei a ew 23 1907 70.0 4.30 
eae! CIGUEY, Pete eet ctl Ih As oe eae Morente ae ete ae 8 a ce 2 1.03 
oudy..... “Coe SAC OR SOE I acheter SRE eae he ee eee 0 - 1909 0.0 2.56 
Witt: C1eOr moOrcor precipitanonenses he let ele eect re ee rane 2 1910 71.0 1) HR 
1911 71.3 1.65 
SUNSHINE 1912 69.6 ee 
1913 70.8 ns 
Nomeber NOUrS (SUNSHINE: te. oor oe ei tr tes a ee eed 424.1 1914 71.0 1.65 
Ressible holirs sunsiinosee. oe. = Cs coche mines 2 or inti OU baie or oe 464.9 1915 67.9 5.17 
Percentage OL possiblegs 25.f1g ae face coke ee Un ene ee ae 91 1916 76.1 0.09 


BaromeTer—Mean 30.00 inches; hichest 30.22 inches on 6th; lowest 29.68 inches on 2nd. ; 

Tempera TURE—Highest_ 102° on 29th; lowest 52° on 10th; greatest daily ranze 33° on 24th; least daily range 17° on 20th. 
normal for month 70.9°; excess or deficiency this month +5.2°; accumulated excess or deficiency since January Ist —134°.; 
average daily same period —0.6°; highest in 31 years 102° lowest 37°. : 

Precipitation (in inches)—Total amount 0.09; normal 3.22; excess or deficiency this month —3.13; since Jan. 1st +0.23, 
Greatest amount in any 24 houm period 0.05 on 13th, total snowfall 0.0 inches. 

Wino—Preyailiag direction east; total movement 2505 miles; average hourly velocity 3.4 miles; maximum velocity 21, 

from the northwest on 2nd, 

Dates cr—Auroras 0; dense fog 0; hail 0; sleet 0; thunderstorms 2, 13, 15, 16, 20, 22, 30; halos: solar 1, 28; lunar 0; frost : 


killiag 0; heavy 0; light 0. 
DEWEY A. SEELEY 
Local Forecaster, 


25 


194 STATE BOARD OF AGRICULTURE. 


Monthly Meteorological Summary, Lansing, Michigan, August, 1916. 


Temperature. This month since 1863. 
_ Percent- 
Daten | ; i gaa ae! of age es 
inches. ay. 1S Mean Total 
| Highest. | Lowest. | Mean. sunshine. | year | tempera- precipita- 

ture. tion, 
1 Rance 81 55 68 OpW@lear-/ce Seen: 96 1863). < aeReee 3.00 
Dee Neste 87 49 68 Oe Clear 35 te he 100 1864 70.7 0.39 
Se 3 dane 90 62 76 Onl@leudyace ane 44 1865 65.8 3.38 
4 Se 92 | 64 78 0 | Partly cloudy... 73 1866 62.6 3.44 
BN eee. 89 | 70 80 0.23 CR eec ane 76 He a 8 1.74 
186 0.3 2.42 
Radeeosic 94 72 83 O3)Clears.teosecs 94 1869 70.6 4.85 
eS ee 93 70 82 0.63 | Partly cloudy... 52 1870 70.1 4.53 
Sse aaee | 83 66 74 0 | Partly cloudy... 54 1871 71.2 1.42 
Ase nore | 82 59 70 ONNGlear ee ree 100 1872 TAL? 4.18 
LOR ae ee 85 59 72 0.22 | Partly cloudy... 68 1873 69.5 0.80 
1874 69.4 1.28 
1 85 63 74 Oe Cloudy nec: 2c 38 _ 1875 65.5 1.47 
1: 82 55 68 0.02 | Partly cloudy... 82 1876 71.6 1.28 
1: 73 50 62 0.14 parts Be Selec. 100 1877 68.5 6.57 
1 71 45 58 OMC@loudyseessee.e 66 1878 70.2 1.85 
i 81 48 64 0 | Partly cloudy... 75 oa 70.0 1.61 
0 68.6 6 02 
1Gee ee 87 62 74 0 | Partly cloudy... 76 1881 12.7 1.63 
a Ee ae ae 4 } 60 ti) 0 | Partly cloudy... 87 1882 69.5 5.72 
Betas tcc E 43 1883 64.9 0.18 
1g 96 | 100 1884 66.9 1.30 
DOr ee ae: 98 100 1885 63.6 6.75 
1886 69.3 4.69 
PA ee eae 96 100 1887 68.0 0.89 
Doan tee 88 100 1888 67.6 1.87 
Doe ae cee 78 98 1889 68.6 0.68 
ys Ree age 86 83 1890 65.4 3.60 
DOW seme een 79 94 1891 67.9 4.82 
1892 68.3 5.12 
D6 MPa ae 65 0 1893 68.1 0.56 
PA kt eee 71 93 1894 68.8 0.00 
7A RE ae 75 92 1895 iL.2 4.64 
ZO eos 80 98 1896 70.0 4.73 
BORA ee 81 | 98 1897 65.9 1.69 
Sa eee 83 | 72 1898 69.0 2.73 
8 8888800058580 S858 ESSE 1899 71.4 0.70 
Mesnthirhest temperatures. 5 oss cic ticase’eiciecoe eo erae oae Dolearie ene oe 84.2 1900 73.3 2.98 
Mean lowest temperature.......... 57.9 1901 68.4 2.49 
Mean temperature for month 71.0 1902 64.2 0.68 
Dotaliprecipitation:sor- mon titer. +e tec eae eee emi eae Bete wale isin 1.58 1903 64.3 6.73 
~ 1904 65.9 3.26 
WEATHER 1905 69.6 3.92 
1906 73.5 4.35 
Number days: clear.s%.54.teseewadeer een ce eee eee 16 1907 65.5 2.87 
Fay (OC ke a ae Ses SISA Sa oeA IM RCmcmhinobindsetice 5 Fane ohooe a aN Sa ae 

CG eee eS Sere tee ee re, he Gort OCIS ISO eT OTC Eee 9 ‘ ; 
Wath O.OLiormiore of preciprcation oh. eect cnc nese cane ote eiam ene 8 tate nee et 

1 f ‘ 
SUNSHINE 1912 65.7 2.19 
1913 69.4 5.60 
Nimber hours Bumshine . 6 jens eras ae ais ies pete ITE Ie cee ao Balle 340.2 1914 68.9 _ 3.33 
Possible ours SUNS s «see ase eine thers enero Rite tte eine oceania teens mites 430.7 1915 63.4 3.63 
Percentare ol possible? . tec sa cts eee toee le cent oe lente Increase means 79 1916 71.0 1.58 


BAROMETER—Mean, 30.01 inches; highest, 30.29 inches, on Ist; lowest, 29.68 inches, on 24th. j 

TEMPERATURE—Hizghest, 98°, on 20th; lowest, 41°, on 28th; greatest daily range, 38°, on 2nd; least daily range, 11°, on 26th; 
normal for month, 68.4°; excess or deficiency this month, +-2.6°; accumulated excess or deficiency since January Ist, —52°; 
average daily, same period, —0.2°; highest in 31 years, 99°; lowest, 32°. : 

PRECIPITATION (in inches)—Total amount, 1.58; normal, 2.63; excess or deficiency this month, —1.05; since January Ist, —0.82. 
Greatest amount in any 24 hour period, 0.63, on 7th; total snowfall, 0.0 ia. ; 

Winp—Prevailing direction, southwest; total movement, 2,859 miles; average hourly velocity, 3.8 miles; maximum velocity, 
19, from the west on 3rd. 

Dates or—Auroras, 26; dense fog, 0; hail, 0; thunderstorms, 3, 4, 7, 8, 10, 16, 18; halos: solar, 4, 17, 18, 19, 27, 31; lunar, 0; 
frost: killing, 0; heavy, 0; light, 28. 

: DEWEY A. SEELEY, 


Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, September, 1916. 


Character of 
day. 


Cloudy 225. ~...- 
Partly cloudy... 


Partly cloudy... 
Glottidyaees eee: 
Partly cloudy... 
Clears oe. Sac: 
Partly cloudy... 


Partly cloudy... 
Partly cloudy... 
Partly cloudy... 


Partly cloudy... 
Partly cloudy... 
Partly cloudy... 
Partly cloudy... 
Clearer tao. 


Partly cloudy... 
@lotidy.: 225.0. 
Partly cloudy... 
Partly cloudy... 


Cloudy, 22%... 
GCloudyce-ee3 . a 


Percent- 
age of 
possible 
sunshine. 


Temperature. 
Precipita- 
Date. tion, in 
inches. 
Highest. | Lowest. Mean. 
US Ge | 75 62 68 0.01 
Pd ne 71 48 60 0 
eae are 76 41 58 0 
Ce eee 80 56 68 0.10 
Tee ose 84 64 74 0.03 
(7) ae ie 87 64 76 0 
eee 88 67 78 0.10 
NY CCS 78 52 65 0 
Ue are 79 46 62 0 
i (tee pee 77 50 64 0 
iW Sees 86 62 74 0 
IDLY. Sy Obie 87 65 Eis 0 
BS eae 74 52 63 0.04 
(21 oe eee 70 51 60 0 
15s cts 60 43 52 0 
ie | 57 39 | 48 0 
Ajemetot es. | 60 37 48 0.03 
TOs os } 62 33 48 0 
1 Oe e ES Ae 69 30 50 0 
DO seroner 78 46 62 0 
AWA Fegee 70 49 60 | 0.01 
Des es | 66 47 56 \ 0 
7A ee ee 64 41 52 0 
DANS a Ei 69 39 54 0 
DHS eae 78 44 61 0 
64 0.38 
65 1.34 
58 0.13 
40 0 
46 | 0 
Mesne tinhestiremperatire setts <..<'c here nits ooo oe os Oe Ao I eee 
MIGANUIGWERU TEMIDEIATURGS, chine ascs tte sie cae mcie oe eee ee Potties ac oh 
Mean temperature for month 
PL BEASPLeCIpILALIOM LOL IMONPHM 2 se Aces aie a tet eee damon lete to err ee ee 
WEATHER 
Number days clear 
PASELV 7 CLOMEY Meee tay sexs s eC ee aoe oe oe Bee OE Oe ne 
CHESTG NE cas pte CUS Per hoi Cine. A eae Meee ngs ican RIN RRA eR IE a ae tf 
With 0.01 or more of precipitation 
SUNSHINE 


Num bersiours su nshinewes 4 amie, ken Ae So. ttf crue oameminies Ade Eke mals 
Possible hours sunshine 


Percentage of possible 


222.1 
374.8 
59 


This month since 1863. 


Year. 


Mean 
tempera- 
ture. 


60.4 


p> DR 
SSS2R2S 
Hb OOO TOrbo 


Total 
precipita- 
tion. 


51 


SOIrAwawon 
“TOTO 02 Or 


BaromeTeR—Mean, 30.02 inches; highest, 30.37 inches, on 3rd; lowest, 29.62 inches, on 27th. 
TrmMPrRaTURE—Hichest, 88°, on 7th; lowest, 30°, on 19th; greatest daily range, 39°, on 19th; least daily range, 12°, on 27th; 
normal for month, 61.6°; eXcess or deficiency this month, —1.2°; accumulated excess or deficiency since January 1st, —89°; 
average daily, same period, —0.3°; highest in 31 years, 99°; lowest, 21°. 
PrecipiraTion (in inches)—Total amount, 2.17; normal, 2.62; excess or deficiency this month, —0.45; since January 1st 
—1.27; greatest amount in any 24 hour period, 1.34; on 27th; total snowfall, 0.0 in. ‘ 
Winp—Prevailing direction, southwest; total movement, 3,916 miles; average hourly velocity, 5.4 miles; maximum velocity, 
20, trom the southwest on 27th. 
Dares or—Auroras, 0; dense fog, 0; hail, 0; thunderstorms, 4, 7, 21, 26, 27; halos: solar, 10, 19; lunar, 0; frost: killing, 19; 


heavy, 18; 


light, 0. 


DEWEY A. SEELEY, © 


Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, October, 1916. 


Temperature. This month since 1863. 
. Percent- 
inte Pears Character of age of a 
“jaa sack; day. possible 
i inches. winahivie Mean Totar 
Highest. | Lowest. Mean. rive Year. tempera- | precipita- 
ture. tion. 

| Saree 64 37 50 | Ol Clear: es nee 100 1863) Ncseeeeces 1.04 
DRS oss 73 40 56 OO Clears onus. o a.0- 100 1864 45.7 1.86 
Bere si 79 42 60 | OL hClear ate rc. we 100 1865 46.5 2.76 
Ae inate 81 47 64 | @ Clear: 232.250 st 100 1866 49.5 3.57 
i a eae 83 48 66 OR A@UCHES: ree tnere- 100 1867 50.6 2.11 
. 1868 45.2 felt 
70 43 56 0 | Partly cloudy... 83 1869 40.8 172 
80 42 61 Ov iClear aa ee 100 1870 52.5: 2.29 
84 55 70 0 | Partly cloudy... 80 1871 53.9 1.43 

55 33 44 0.18) |) \Cloudy....5.s25.< 56 1872 47.4 0.67 — 
55 29 42 0 100 | 1873 44.7 1.91 
1874 49.1 0.49 
Lae 60 31 46 0 100 1875 42.9 5.81 
12 See 62 36 49 | 0.35 40 1876 43.7 1.26 
AGS, aso 57 37 47 0.43 30 1877 50.8 5.69 
Tae ee 61 31 46 | 0 95 1878 48.3 1.99 
1. Se So 58 42 50 | 0 6 1879 57.3 TebT 
1880 46.2 2.84 
eons 65 42 54 0.11 55 1881 52.5 5.56 
iy ee ae 49 29 39 0 100 1882 tif 2.64 
bo Fe ea 54 29 42 | 0.06 83 1883 46.2 3.66 
1 Ee: 54 46 50 0.72 0 1884 50.9 5.73 
DON Stee 57 32 44 0.41 1 1885 45.0 3.08 
1886 52.4 0.95 
Dee nse 41 36 38 | 0.01 | Cloudy 1 0 1887 45.0 1.86 
DOE eee | 52 32 42 | 0) (#@learSanG 4a545 100 1888 45.7 3.00 
VE leer 61 38 50 | Onpi@lete se Te ,.\ ee 90 1889 44.2 0.65 
DA See. = | 48 43 46 | 0.03 | Cloudy.:....... 0 1890 49.1 4.56 
pas ae ees 54 40 47 ORO tClondyees..2.-. 0 1891 48.8 0.82 
1892 48.3 0.78 
48 35 | 42 0: \W@lear. 2 27.55 6. 2 87 1893 49.7 3.61 
54 31 42 | 0.09 | Partly cloudy... 64 1894 49.8 1.91 
60 29 | 44 0 | Partly cloudy... 80 1895 45.0 1.41 
69 44 56 0 | Partly cloudy... 85 1896 44.6 1.06 
58 41 | 50 0 | Partly cloudy. . 60 1897 53.1 2.15 
55 41 48 | 0.04 | Cloudy......... 24 1898 49.6 3.55 
Te od 1899 RPA || 2.68 
Meanthighesti temperature 4c. .ccccBee coke cae een eC eye ee 61.3 1900 56.6 2.17 
Mean lowest temperature: selina e eh ee one he ese eee Sparen Site 38.1 1901 49.6 4.61 
Mean/temperature forsmopth=s.355 65 eeioe 2 cage ce mo siests hee nee Oe sina enone 49.7 1902 49.6 1.53 
HL otalsprecipiationior MONE. Ah sss hates shen Oe oe een ae ee 2.53 1903 | 51.0 2.01 
1904 48.6 1.90 
WEATHER 1905 50.9 175 
1906 49.2 2.36 
Numberidays clearer ...2 4 ber rtce cecAic se oo en os a ee en ee ee 13 1907 46.0 2.22 
PATELVICIONS,. preos ose ieee soe ao arene oan oiae Rr reta eer 7 1908 51.6 0.82 
Clonidine See. Gu eNOS oe, See BE ee oe ne ee ee 11 1909 46.2 0.71 
With 001 ortmore, of precipitation. ho5-5 oe eee see eee eee eee 12 1910 51.8 2.27 
1911 48.0 5.00 
SUNSHINE 1912 50.4 3.44 
1913 50.2 3.30 
Number hours sunshine......... Bot Oc See ee EGO Deere 224.9 1914 54.6 2.81 
Posslblevhonny Sunshine. coe Pe care eee seins ORGS cree Ots ave anise io 341.9 1915 51.1 0.70 
Percentage lofi possibler:< cota oo: Supe cierto la ara alate: a1eveh ta gi eteieecaclass wieheretera 66 1916 49.7 2.53 


BARCMETER—Mean, 30.07 inches; highest, 30.47 inches, on 10th; lowest, 29.24 inches, on 20th. ; : 

TrEMPERATURE—Highest, 84°, on Sth; lowest, 29°, on 28th; greatest daily range, 38°, on 7th; least daily range, 5°, on 24th; 
normal for month, 49.0°; excess or deficiency this month, +-0.7°; accumulated excess or deficiency since January Ist, —68° 
average daily, same period, —0.2°; highest in 31 years, 90°; lowest, 10°. 

PRECIPITATION (in inches)—Total amount, 2.53; normal, 2.23; excess or deficiency this month, +0.30; since January Ist, 
-+0.97; greatest amcunt in any 24 hour period, 0.78; on 12th and 13th; total snowfall, 0.3 inches. 

Winp—Prevailing direction, southwest; total movement, 4,800 miles; average hourly velocity, 6.4 miles; maximum velocity, 
30, from the northwest, on 16th. 

Dares or—Auroras, 6; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 0; halos: solar, 6, 18, 28, 29; lunar, 0; frost: killing, (frosts 


not recorded.) DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, November, 1916. 
| Temperature. This month since 1863. 
oC ee Tercent- 
Date. EP | Character of | age of 
inches. day. post: ie Mean Total 
| Highest. | Lowest. Mean. SESE: Year. tempera- | precipita- 
ture. tion. 

iE. ae 59 35 47 Onin Clears panes: 190 TSG ae ees tee 0.40 
Vice 58 | 34 46 Ob Cleare 223 Ses. 2e 100 1864 37.9 4.12 
Gree one: 57 29 43 0351) Cloudye ss. se- 67 1865 38.6 0.68 
Der ie oe 58 40 49 0 | Partly cloudy. . . 65 1866 37.9 2.60 
ee. 55 31 43 OU Clearee oes. 81 vee . ts ery 
1 36. 2.44 

Geer ae 62 37 50 Opp Clears ao ssa 100 1869 32.1 1.93 
ee eke es 71 49 60 0 | Partly cloudy... 82 1870 38.4 0.91 
Bee et 66 54 60 OV045\ @loudyo=. . 2534. 37 1871 32.0 125 
Oi stg) 59 38 48 0.27 | Partly cloudy... 44 1872 29.8 0.98 
ee ee 54 31 42 OXO1S | EClondive--e.s eae. | 29 187 28.5 2.03 
he 1 35.0 1.61 

eee 40 25 32 Op eCiondycer =. 5 ee 44 1875 33.0 ilies! 
‘2, laa | 45 34 40 0 | Partly cloudy... 51 1876 36.3 0.91 
1S eer ae 35 28 32 0.06 oudy. Ae 0 1877 35.2 3.67 
th aaa 30 19 24 OLOLe | Cloudy =. 5.45 5 1878 36.3 2.16 
Lees 2 P45) 16 20 | 0 | Cloudy......... 23 1879 38 .2 4.55 
4 1880 Zien 2.32 
RG se he 32 15 24 OF MCloudy2s s2---- 5 1881 38.2 4.09 
Wh A sepa 37 24 30 Oi a@loudya 22s ns 26 1882 36.3 1.83 
Cae 41 | 23 32 0 | Partly cloudy... 67 1883 38.1 3.98 
TEE Re ete 55 | 27 41 Onl: Gleareies: 223 98 1884 34.1 1.84 
711) sae ee ae 44 26 35 O}2Cloudyoe. ss. 5 He Stee 2.90 
18 33.9 1.48 
Ee 44 24 34 0 | Clear. 100 1887 Sond 2.28 
22 48 26 ayy 0.15 | Cloudy 3 1888 38.5 3.12 
Dae ens 50 36 43 0515} Gloudy?..5.-2-- 0 1889 37.4 2.67 
Bascom cone 36 21 28 0:03: | (Cloudy.8......: | 1 1890 39.1 2.30 
Dra oot 27 16 22 OnliClondys.a:.. ae: 18 ie 34.0 3.34 
1 34.2 1.84 
OG. Se 43 16 | 30 Ob |4Cloudy-we oss e 46 1893 35.6 2.19 
Pa kee Bote 52 38 45 O°} Cloudy :...0.-.- 20 1894 32.5 0.97 
DBrerirse st 53 46 | 50 0:08 | Cloudy......... 8 1895 35.4 3.87 
Oh ee saaioe 53 34 44 Oia Cloudy. aes see- 8 1896 37.1 1.05 
AO aA. | 36 29 | 32 On| Cloudy. 58 2 1897 36.5 2.94 
3) lee ame SAE Bm) ner eae at) Peete [An aera a eae ikea aera ed | ein a, He 33.1 2.72 
2 SS eS 1899 39.7 1.72 
Ment highest temiperatlres s,s Oats coer eee ee ae ae eee 47.5 1900 35.3 5.10 
Mean IG west demperabure an 15 Sol PAA bcmeccn ee ee Une ae eee 30.0 1901 32.8 2k 
Mean tem peraLnre TOF MPU: 20s. ci seee ns Garces cea ae Tote RA en ee ene 38.8 1902 43.0 2.46 
FLOR SDLCCIDIALIOM LOGON Glo Boke: as acrdice mentee eee beet nie eee 1.68 1903 34.0 | 1.45 
1904 40.0 | 0.04 
WEATHER 1905 35.8 2.25 
1906 37.0 2.66 

NPNIPEHIGAVSICICAT S.5 ere A Meet he ANE et pO rs and fae nee eM we 6 1907 36.0 1.83 
eae lati y Seren Segara cee! Se Sr eS on ie ant. come: se ae 5 1908 - 38.2 a 
PSY ere ictal 3,2 AIR Po Reon foo MOR GIOS oF lease hehe eC ate 19 1909 44.5 3.74 
Mirae Ott onsmore of precipitationicenck) i 2c osdale locates acee le Coun nee 11 1910 34.0 1.37 
1911 33.8 3.40 
SUNSHINE 1912 38.6 2.86 
1913 41.7 2.38 

PAREN EETAN GRIPE SLITISHING 895 atc. sir en eae Sey ne ee a Re a 125.0 1914 37.6 1.40 
[ORS DIeInGIre AUTIANINeS a4": oti Oe ee ata ae oe AOE LS Sar 292.1 1915 39.8 2.23 
PEL CERLADE UL BORSINC rate 7s Tac ke huh MOI, oe SIE See hae Cocaine 43 1916 38.8 1.68 


BaromeTeR—Mean, 30.06 inches; highest, 30.52 inches, on 11th; lowest, 29.05 inches, on 23rd. 
Tempera TuRE—Highest, 71°, on 7th; lowest, 15°, on 16th; greatest daily range, 28°, on 3rd; least daily range, 7°, on 28th; 
normal for month, 36.8°; excess or deficiency this month, +2.0°; accumulated excess or deficiency since January Ist, —9°; average 


daily, same period, 0.0°; highest ia 31 years, 72°; lowest, 0°. 


PRECIPITATION (in inches)—Total amount, 1.68; normal, 2.41; excess or deficiency this month, —0.73; smce January Ist. 


—1.70; greatest amount in any 24 hour period, 0.65 on 23rd; total snowfall, 0.4 in. 


Winp—Prevailing direction, southwest; ictal movement, 5,590 miles; average hourly velocity, 7.8 miles; maximum velocity 


26, from the northwest, on 24th. 


Dares or—Auroras, 0; dense fog, 20; hail, 0; sleet, 13; thunderstorms, 3; halos solar, 3, 4, 7, 22, 26; lunar, 0; frest: killing, 


fr.sts not reco: ded.) 


DEWEY A. SEELEY, 


Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, December, 1916. 


Temperature. Tnis month since 1863. 
| 
= nita- Percent- | 
Date. | ae Character of age of | | 
2 | inches. day. possible Mean Total 
Highest. | Lowest. | Mean. sunshine. | Year. | tempera- | precipita- 
| ture. tion. 

De hoes 47 29 38 0 | Clear 100 1863):|"s.. see ee uN 
AER 3 50 26 38 QmpCledre 252 s~ 100 | 1864 24.4 3.20 
5 oes 44 34 39 OsObN Cloudy. 22: - 0 1865 26.7 1.43 
eee 59 41 50 0'04:)) Cloudy... ...... 0 1866 25.8 1.90 
One deosse 50 36 43 0 | Clear 77 1867 | 258 1.34 
| 1868 21.2 1.35 
50 30 40 Ob @legr sane. Ser. 100 1869 28.2 2.11 
53 37 45 0.04 | Cloudy... ...2.. 0 1870 24.8 2.57 
53 33 43 OF68: Cloudy =. .ecee 0 1871 21.1 1.76 
33 21 27 0:28 | Cloudy......... 1 1872 Gyre 1.06 
33 16 24 Olean eae 99 1873 29.5 3.02 
1874 | 27.0 0.37 
30 19 24 0.14 Cloudy. ano. 0 1875 31.5 2.80 
27 14 20 0.09 | Cloudy......... 19 | 1876 15.2 1.29 
23 13 18 004 || Cloudy. -. =... <2. 26 | 1877 36.6 1.03 
17 2 10 OOS a RCloudye soc. 47 1878 2153 2.27 
8 a7 0 0 | Cloudy......... | 49 1879 27.5 355 
1880 22.1 0.85 
10 —2 4 O10 Cloudy. :: osc2.2 16 1881 34.3 1.75 
23 —1 11 0.02 | Partly cloudy... 59 1882 24.8 0.88 
14 -3 6 Om *Clondys o. 222. 30 1883 26.4 1.28 
21 —4 8 OFO7eNCloudy-2 9. se. oe 2 1884 24.7 4.15 
21 11 16 0.01 | Cloudy... 2... 46 1885 27.8 2.14 
1886 19.7 . 1.56 
24 5 14 On eClenre aot oe 100 | 1887 Yh} 3.32 
18 2 10 0 | Partly cloudy. 62 1888 30.4 1.20 
24 2 13 0 ayaa score 22 1889 36.8 2.61 
32 6 19 Om2niClondyz5.: es: | 0 1890 26.4 1.12 
28 14 Ff 21 OneCloudy.; 42120 sa: 36 1891 34.6 1.47 
1892 25 6 1.52 
7d 35 19 27 0:37-| Cloudy: 2.2... .: 0 1893 27.6 2.28 
3 RIE Bae 41 20 30 0:06.0/"Clear. y=: ssa; 80 | 1894 30.1 0.93 
PAS COSDr 23 13 18 OsNGloudyeee sass | 33 | 1895 28.5 5.39 
Os Se 18 12 15 OL0LINClotidya seen 0 1896 28.1 0.80 
BU sir artes 18 6 12 OniGlondy2 sco 30 1897 25.6 2.02 
SH Lm snes 30 5 18 0 | Clear.... | 89 | 1898 24.8 1.42 
me -  e 1899 25.0 A Ube 
Mean shighest temperatineny.< 5 ceec ne. exes antes Siemon nose one Asean Se 30.9 | 1900 26.7 0.50 
Mean Icwest temperature.................-- see 145 1901 21.6 3.00 
Mean temperature for month Doha 1902 24.8 2.89 
Total precipitation for month 2 AT 1503 19.7 1% 
1904 PART 1.42 
1905 30.2 2.54 
1906 26.8 1.85 
Number\days'clear! <1): ns cane eerie spchtdccerad a SJoS Siagdie Ding ch | ee 8 | 1907 2207 4.19 
Partly ClOUGY 0: sore sccte terse aie Se Petco eo ov Sees Dee Me cain AeraoeetOS 2 | 1908 26.4 2.08 
loti y. 52ers, ee AR oe 5 ee chee rte See es 21 1909 23.0 2.91 
Withi00itormoreiolprecmpitationes. concen sont eso ac eee coe ae eee 17 1910 21.6 1.28 
1911 ol 1 1.58 
SUNSHINE | 1912 31.0 1.20 
1913 31.8 0.55 
Number hours sunshine.......,.... ees ciageickel 7 aoe peas eam te mre eee 110.8 | 1914 21.6 1.57 
Possible hours'wunshines..> .. | sc sess otiog ay oe aoe aes Ae slece valeceacloee a 280.8 | 1915 24.8 1.01 
IPEFCENLAZE OL POSSI IOS se «Crore ats ae Siorcien ale oon EAE tee remo eee rears 39 | 1916 2200 2314 


BsROMETER—Mean, 29.97 inches; highest, 30.53 inches, on 14th; lowest, 29.56 inches, on 16th. 

TremPeRATURE—Highest, 59°, on 4th; lowest, —7°, on 15th; greatest daily range, 26°, on 24th; least daily range, 6°, on 29th; 
normal for month, 26.8°; excess or deficiency this month, —4.1°; accumulated excess or deficiency since January Ist, —138°; 
average daily, same period, —0.4°; highest in 31 years, 62°; lowest, —24”. : 3 J 

PRECIPITATION (in inches)—Total amount, 2.11; normal, 2.08; excess or deficiency this moath, +0.03; since January Ist, 
—1.67; greatest amount in any 24 hour period, 0.86, on Stn and 9th; total snowfall, 11.6 in. ; : ‘ 

Wixp—Prevailing direction, west; total movement, 4,612 miles; average hourly velocity, 6.2 miles; maximum velocity, 22, 
from the west, on 5ta. ity 

Dates or—Auroras, 0; dense fog, 0; hail, 0; sleet, 7, 26; thunderstorms, 8; halos: solar, 20, 21; lunar, 2, 3, 4, 14; frost: killing; 


(frosts not recorded.) 
DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, January, 1917. 
Temperature, This month since 1863. 
: oan Percent- | 
ate pr He Character of age of | 
inches. day. possible | Mean Total 
Highest. | Lowest. Mean. sunshine. Year. tempera- | precipita- 
| ture. tion. 

Meister covers 36 29 32 OvikCloudy4e = sac 0 EGR Tall ae asa eos Saeco See 
De A sats 35 26 30 0 | Partly cloudy... 59 1864 22..3 0.94 
Dhiasea te s 37 27 32 0.01 | Partly cloudy... 22 1865 PAV 0.65 
Ce ee 42 27 34 On Cloudy 2 yaece 43 1866 21.2 2.03 
Dia dacrarersts 37 24 30 0.60 | Cloudy......... 29 1867 17.6 1.68 
1868 19.0 1.47 
Giese 38 18 28 0 | Partly cloudy... 63. | 1869 29.4 0.87 
Te erace 37 17 27 OkCloudysee- ss 36 1870 25.4 1.93 
Sieeon tae 43 21 32 Onln@learierccn weet 97 1871 24.8 3.95 
Deere 3 38 32 35 ONG la@loudivx secre 22 1872 21.6 0.42 
1 (0) eed 32 2 17 Of81>) Cloudy...:. 00. 36 1873 15.9 2.98 
1874 20.67 3.53 
1 [ae eee 11 —10 0 0 | Partly cloudy... 78 1875 12.9 1.81 
| peers 17 —8 4 0.18 MOUA Ys .<t-aa anne 0 1876 30.2 1.63 
1S ase riee 23 6 14 0:01 || Cloudy... ....2.%- 12 1877 18.1 | 1.33 
key Pee 12 —5 4 0 | Partly cloudy... 85 1878 29.1 | 1.12 
Ee Ee Sor. 13 | —4 4 0. | Cloudy......... 31 | 1879 19.2 0.49 
| 1880 otL 2.67 
TG6r scones 19 -9 5 On |kClear---s: eee | 100 1881 17.0 2.27 
Tica wievs oi 24 7 16 0 | Partly cloudy...) - 59 | 1882 24.9 1.47 
Seo. 26 14 20 OFOLA Cloudyse. sce -ee | 5 1883 14.4 1.53: 
hE 23 10 16 On\Cloudy2easasce% 12 | 1884 1525 1.23 
Bi etes esis 30 17 24 OnimG@loudysneeeen. | 0 1885 15.3 2.70 
1886 18.8 2.66 
DAA ae eae 36 17 26 e290 eC loudye. one are 0 1887 18.2 SP) 
SO St 30 10 20 Ople@loudyeeenceeas 41 1888 15.4 2.18 
Dodecncete : 24 3 14 0 | Partly cloudy... 77 1889 28.0 1.53 
0) Re nee 27 17 22 OnieCloudyernsennere 0 1890 31.5 PARI 
DO aee 20 8 14 0.01 | Partly cloudy.... 64 1891 26.7 0.82 
1892 19.2 0.96 
16 0 8 0 | Partly cloudy... 79 1893 14.8 1.78 
32 9 "20 0.02 | Partly cloudy... 65 1894 26.9 137 
39 16 28 0 | Partly cloudy... | 61 1895 i/o 1.04 
42 29 36 On s@loudy-n Fs. 0 1896 24.6 0.79 
36 23 30 0 | Partly cloudy...| 75 1897 22.3 4.17 
29 21 25 0.04 | Cloudy......... 0 1898 24.9 3.07 
5 SS SSS ——————————— 1899 PALEY ( 2.03 
1900 25.6 lealy 
Menninmhestitem peratures sc.s Sos. ctuctate flrieia'! scot wine sete ane ts eGiesicyn Hae ive sete 29.2 1801 22.2 1.51 
NieAnVOWweRt; CEMperAllre ny, a... 3,2 sv. \a/a7a.cvs fr Aietetere:sveouncei ns oieleiaocre ne enya carotene eels ore 12.7 1902 20.5 0.43 
Meanvtenmipena ture ton mMoOnin. a cee aes cece creaie anata aie aetna eines meet 21.0 1903 20.7 1.20 
Motaliprecipl-avlon-tor-month/s: shi tice ne sctiaectes Oh cited ton octet emu nitee 1.55 1904 14.4 2.82 
1905 18.2 1.07 
WEATHER 1906 31.8 1.99 
1907 23).2, 3.97 
I }ppaval ofsre'(c PA gsi (eth Ag en eR Pee REPRO Ageia ster Mea iiSace aac ote orc 2 1908 23.8 1.89 
arp] viClaud verre ee seers ccrctcoevere alco trakane cvaereveushe ei coxa Gio Mckay sree cuahans efenalereetas 12 1909 26.6 2.16 
(BITC 8 SO Bs Aire Sota ee CCC EIEE Teor TC RSC oeaacte OIC ISOe een ichre 17 1910 23.4 2.52 
Wath; Olrormmoreiot precipitation sah1,. 0. 5 cae snrcmmie emi cineaneratin nacre 11 1911 25 .2 1.43 
1912 9.2 0.80 
SUNSHINE 1913 26.2 3.10 
1914 27.0 2.98 
IN UIbeN NOUNS HUNAN ITO se re. N Fei ce les hioe ome ere orcas al Paso leeate a Yorc smear Tes 117.9 1915 20.4 1.54 
Papal Dle MOUFs SUNSHINE: + 1S... Aoiloca eels: s0c sacel ate misig osteo tinea ticcabiee shee ies 292.5 1916 27.6 pale 
REFCENtAPE OMDORSIDIES 3 Aras. aia trae Mie ce ecis-es ticle Cae Mee oitaecke sara mate ese aioe 40 1917 21.0 1.55 


BaromEeTeER—Mean, 30.00 inches; highest, 30.88 inches, on 15th: lowest, 29.16 inches, on 21st. 
TrMPERATURE—Highest, 43°, on 8th; lowest, —10°, on 11th; greatest daily range, 30°, on 10th; least daily range, 6°, on 9th; 
normal for month, 22.7°; excess or deficiency this month, —1.7°; accumulated excess or deficiency since January Ist, —56°; 


average daily, same period, —1.7°; highest in 32 years, 63°; lowest, —26°. 


PreEcIPiITaTicn (in inches)—Total amount, 1.55; normal, 2.09; excess or deficiency this month; —0.54; since January Ist, 


—0.54; greatest amount in any 24 hour period, 0.60, on 5th; total snowfall, 13.0 inches. 


Winp—Prevailing direction, southwest; total movement, 5,699 miles; average hourly velocity, 7.7 miles; maximum velocity, 


30, from the southwest, on 21st. 


Dares or—Auroras, 0; dense fog, 29; hail, 0; sleet, 0; thunderstorms, 0; halos: solar, 10, 22, 26, 30; lunar, 2, 30; frost: killing, 


(frosts not recorded.) 


DEWEY A. SEELEY, 


Local Forecaster. 


This month since 1863. 


1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 


Mean 
tempera- 
ture. 


27.3 


19.2 
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Monthly Meteorological Summary, Lansing, Michigan, February, 1917. 
Temperature. 
reciaibas Percent- | 
Date: ! Hie cle Character of age of 
anche: day. possible 
Highest. | Lowest. Mean. |~ sunshine. 
| 
Aste ee Fel 21 1 11 0.02 | Partly cloudy... 65 
Qe 2 hss 7 —4 2 0:0L-)-Cloudy.:..-. 57 
Sie were 14 —2 6 0205°|"Cloudy:...... 41 
Dg aaa: 14 0 7 0.10} Cloudy........ 26 | 
bees AS: 15 0 8 0.022) "Cloudy.2...0....: 51 | 
eal 25 11 | 18 0 | Cloudy......... 54 | 
yaa er 30 25 28 0:02"|' Cloudy»... .2- 0 
Sieeer 30 —5 12 0.06 | Partly cloudy... 55 
Dit atns o 13 —12 0 0 | Partly cloudy...) 74 
NOM rae 12 —5 4 *0.01 | Partly cloudy... 53 
rE Dea 8 —17 -4 GNClear cy, 94 
a DA Rea 7 —21 —7 Oh Cléarkeai isos 100 
Les Saece 22 2 12 0.04 | Cloudy......... 0 
i 25 —5 10 0 | Partly cloudy.. .| 59 
1 hee oe 26 9 18 0 | Partly cloudy... 65 
AGEs eee, 32 22 at 0.01 | Partly cloudy... 52 
dy (Seat Se 44 15 30 0 | Partly cloudy... 68 
AS? eee 24 8 16 Oi Clearky ve oee + 95 
19h ee 32 14 23 OSI" || Cloudyate ee. 0 
DOE ree 28 10 19 OnlW@loudya e710. -.; 25 
74 ee 33 7 20 0.01 | Partly cloudy... 69 
DO et 33 11 22 0205"| (Cloudy... =. 2.2 38 
OD Ne ea 42 24 33 0.11 | Partly cloudy... 53 
py ee se 24 12 18 0" "Cloudy. 2... 48 
Q5e Sena 45 12 28 0 | Cloudy...... 0 
yi eee ee 45 22 34 0°} Cloudy........- 0 
a Naeess tees 28 15 22 0 | Partly cloudy... 80 
Bae aectorees 30 il 20 0 | Partly cloudy... 100 
1! SRR |e Paes ares) ee en aR dl OP, etree cl IRE SEM cari DO em oe ie eee | heeding oe aes | 
0 | aera 5 (arenes tron (tet earn eel ter MIEN Dt ety OS. eae hs Se ae acien ateiae A 
Bite bt citi & ae pe mae ele SRA 3 Rt Nee | eee 
Mean: highestitemperatune ern. scteenvoe 26 ais ate. cireioiisin a ba are vole desc eee eats east 25.3 
Mean lowest temperatures ss: .'a0c ne oneanio > Cote eee cok ee ees 2 ee 5.7 
Mean temperature for month. sosaen ean ce Roe oe he oe ie eae oe ene I Gy 
Lotaliprecipitation tors mMouthic-cw ace. u rae ee te esine ee Eres eee 0.62 
WEATHER 
‘Number dave clears-icscoerese ec 1 ee In ERT ECO RE ce oon LCA ee 3 
Partly. Cloudy 5% sar, Gieros ee ce Gee cae ook ee Eee eae RRR Eee 12 
Cloudy tae eo ak sae oe cl terd ibn. res cloeeein Oe ei tne) Seen oe te nee 13 
With) 0/Ol-or:more:or precipitation ».29 sseheomeee sees een nteas aeee ee 14 } 
SUNSHINE 
Numberhonrs sunshmess: f56 s./2.v och eens cae OAS rata een Seana Ose eee 149.9 
Possible hours snnshine te 24 oo at eee eerie setae cerion ar meee toot tins 295 .2 
Percentage of possible....... iaraiees Se ee Renee en he SaaS ater nh ae 51 


BAROMETER—Mean, 30.02 inches; highest, 30.78 iaches, on 12th; lowest, 29.41 inchas, on 17th. 
TEMPERA TURE—Hignest, 45°, on 25th; lowest, —21°, on 12th; greatest daily range, 35°, on 8th; least daily range, 5°, on 7th ; 
normal for month, 21.6°; excess or deficiency this month, —6.1°; accumulated excess or deficiency since January Ist, —224°; 


average daily, same period, — 3.8°; highest in 32 years, 62°; 


lowest, —25°. 


15.5 


Total 
rrecipi a- 
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PRECIPITATION (in inches)—Total amount, 0.62; normal, 2.02; excess or deficiency tnis month, —1.40; since January 1st, 
—1.94; greatest amount in any 24 hour period, 0.16; on 22nd and 23rd; total snowfall, 5.5 inches. E y 
Winp—Prevailing direction, northwest; total movement, 5,287 miles; average hourly velocity, 7.9 miles; maximum velocity, 


24, from the northwest, on 2nd. 


Dates or—Auroras, 0); dense fog, 0; hail, 0; sleet, 19; thunderstorms, 0; halos: sclar, 21, 22, 27, 28; lunar, 2; frost: killing, 


(frosts not recorded.) 


DEWEY A. SEELEY, 


Local Forecaster. 


Mear highest temperature 
Mean lowest temperature 
Mean temperature for month 
‘Total precipitation for month 


Number days clear 
Partly cloudy 
Cloudy 


Possible hours sunshine 


Temperature. | 
| 
see | Percent- 
penne Character of age of 
as day. possible 
inches. : 

Highest. | Lowest. Mean. sunshine. 

t | 

eorecees | | 

27 14 20 Oi le@learte sear. 100 
32 13 22 0 | Partly cloudy... 73 
37 18 28 0: |. Cloudy: :.5-.-<:. 35 
24 | 9 | 16 0 | Partly cloudy... 67 
23° | 10 | 16 0 | Fartly cloudy... vith 
40 12 26 OvlmGlondy-aie 2: 56 
38 30 34 OL08) sClondy. Ac 0 
34 30 32 0:02: |*Cloudy..3. ..5-.. 0 
35 | Bae 30 0 | Partly cloudy 43 
50 | 32 | 41 0 loudyienoenn a 15 

54 | 30 42 0.19 | Cloudy......... 
38 | 27 | 32 OU @lerr te Sse 99 
33 | 26 | 30 0.37 | Cloudy 0 
34 29 | 32 O22 :Cloudya2s.09-> 2 
35 | 29 | 32 0 |h@loudy:25-. 222: 15 
42 29 36 0.08") Cloudy:<. .-...- 1 
41 | 27 34 0.04 | Cloudy......... 0 
31 | 14 22 0.05 | Partly cloudy... 69 
38 | 11 24 ON Gleareese Ae As 2 79 
46 30 38 0 | Partly cloudy... 78 
51 29 40 0 | Partly cloudy... 90 
59 | 27 43 0 | Clear , 100 
63 | 35 | 49 0247. | Clondyes.c42562 8 
52 29 40 OU Clean ws cae a 84 
65 | 39 52 0 | Clear 97 
68 35 52 0.59 | Partly cloudy... 67 
41 32 36 0.34" | "Clondy te. 3.25. 46 
49 | 29 39 0.01 | Partly cloudy... 42 
46 32 39 0 | Partly cloudy... 43 
52 27 40 0 | Partly cloudy... 73 
66 45 56 02525 Gloudys-c-0.< 3 
S Fe Be id eo At ONE ino cea ee aR nee 43.4 
SMO ae REINA Sa7s IS THe OR ee octane ne wero 25.9 
3 EERO Ten Rea Ee antec eae RTI ic 34.6 
2 IN i Ce OO IPE Aner Cin ie 2.88 

WEATHER 
eer Coy 5.62 E.On Act ea OAR eare aA eee 6 
te eo Ne a ae Aas ORR ans i Ades ise ations bi heine 11 
Eph 42 BAROLO ERE Ee ARERR RC SCT CORT REE ER RR nce Sree 14 
Wire O:oivormiereof precipitation. 6) 2c occenc ae cee nesecns le cdasws sae coat 13 
SUNSHINE 

PUN EO NTA NEGA HING Meee, <tr A SRE Tc ook hig Ae eee Sees ee Se Tipe 
Bs Set Cs Pe A en pecan” ars hy see a do 370.5 
47 


Date. 
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Monthly Meteorological Summary, Lansing, Michigan, March, 1917. 


Percentage of possible 
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This month since 1863. 


Year. 


1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 


1902 


1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 


Mean 
tempera- 
ture. | 


36.0 
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BARoMETER—Mean, 29.99 inches; highest, 30.51 inches, on 1st; lowest, 29.28 inches, oa 23rd. 


TEMPERA TURE—Hishest, 68°, on 26th; lowest, 9°, on 4th; greatest daily range, 33°, on 26th; least daily range, 4°, on 8th; 
normal for month, 32.3°; excess or deficiency this month, +-3.3°; accumulated excess or deficiency since January Ist, —125°; 
average daily, same period, —1.6°; highest in 32 years, 82°; lowest, —12°. 

PRECIPITATION (in inches)—Total amount, 2.88; normal, 2.26; excess or deficiency this moath, +-0.62; since January Ist, 
—1.32; greatest amount in any 24 hour period, 0.93, on 26th and 27th; total snowfall, 3.6 inches. 

Winp—Prevailing direction, southwest; total movement, 7,169 miles; average hourly velocity, 9.6 miles; maximum velccity, 
34; from the northwest, on 28th. 

Datrs or—Auroras, 0; dense fog, 0; hail, 23; sleet, 7, 13, 16; thunderstorms, 23, 26, 31; halos: solar, 2, 6, 9, 10, 20, 27, 20; 
lunar, 1, 2, 3; frost: killing; (frosts not reccrded.) 


DEWEY A. SEELEY, 


Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, April, 1917. 


Temperature. . This month since 1863. 
as Percent- 
ta- a ee 
Date | Pants Character of | age of 
2 | tion, : ae 
| inches. day. | possible Mean Total 
Highest. | Lowest. Mean. sunshine, Year. tempera- | precipita- 
ture. tion. 
Stina te ee } ote, Tall sk noo BOS ee 
LS nee 49 37 43 0.26 |, Cloudy......... 0 1863 |)... ..:0. sacl eeeeeesiee 
FF Ee. 47 29 38 OMdy || *Clotdyateee 30 1864 45.9 3.80 
3 54 27 40 0 | Partly cloudy. . .| 67 1865 47.4 2.32 
ecto k cela 58 | 37 48 0.22 | Cloudy......... 52 1866 48.9 1.40 
Daren sane 42 33 38 ASS Gloudyecns sca. 0 1867 48.2 2.19 
| 1868 43.7 1.83 
(hs aac 43 31 37 N05)" Cloudye.. «++... 23 1869 45.7 3.42 
fn Se are 43 27 35 0 | Partly cloudy... 65 1870 50.4 2.02 
Beek 40 25 32 0 | Partly cloudy... 98 1871 49.8 2.97 
Oe ne 42 21 32 O))|\"Glear seen... 100 1872 47.4 1.26 
LO cee 53 22 38 O} | e@@learseenee ce 100 1873 43.2 3.88 
1874 36.9 1.67 
ss eee 67 37 52 0 | Partly cloudy 79 1875 41.1 0.61 
1D are 47 24 36 0 loudy2 Moreen 14 1876 44.2 2.08 
1 Boe 4 41 22 32 0) t@leares aecea 98 1877 46.2 4.14 
i Seen 35 22 28 0) |) (Cloudy <5 2, 11 1878 50.6 3.76 
Vetter, Sats 36 24 30 OnliCloudyee- ees nae 1 1879 44.8 1.25 
1880 45.9 ' 7406 
16M eee: 51 22 36 0 | Partly cloudy... 75 1881 45.6 tei 
Wee erate 57 39 48 0'| Cloudyz.. 5... 17 1882 44.7 1.88 
Us Lee ae 72 41 56 Os679\"@loudys5.405-6 49 1883 43.5 1.90 
NORE Avnet n | 73 55 64 12015 | Cloudyenenwcs 12 1884 43.7 1.95 
20%. | 76 50 63 0.41 | Partly cloudy... 37 1885 43.6 2.47 
1886 50.2 1.99 
Oe spe 54 43 | 48 0 | Partly cloudy... 50 1887 45.4 0.90 
DOE cee | 65 40 52 OPS67 Clears seeeeeee 99 1888 44.0 115 
Dore ake Sars | 57 38 48 OMGr\kCloudyn.n.ce oe. 68 1889 46.6 2.02 
pel Ane 55 33 44 0 | Partly cloudy... 91 1890 47.2 3.20 
Dye cts ise | 46 33 40 0:42) Cloudy.o.... 0 1891 47.4 1.74 
| 1892 44.5 2.04 
DOM bao | 40 34 37 OL02e MCloudyaste-. 5. 1 1893 43.5 4.81 
CV IO | 53 31 42 0 | Partly cloudy... 68 1894 48.4 2.76 
oA i aig EN | 53 30 42 0 | Partly cloudy... 61 1895 48.6 0.67 
D0: asp | 49 41 45 0.05 | Cloudy......... 0 1896 52.6 vii 
BOR eames | 54 41 48 02237 \iCloudyee .7. - ee 11 1897 44.6 2.74 
I 1898 43.6 2.12 
1899 49.8 1.23 
1900 47.4 2.00 
Meanvhicheststemmeratiire tes vec. jcrteraettntavce tsawin cs senaicn cue ariaa arenas oes alegs 1901 46.4 2.16 
Mean lowest temperature....................-- 33.0 1902 44.0 1.70 
Mean temperature for month................. 42.4 1903 43.0 4.40 
Total precipitation for month. 5.59 1904 39.4 0.50 
: 1905 44.6 1.49 
1906 46.6 2.43 
1907 37.8 2.81 
Number days ‘clear: ea -4 ercncets accel ale esterataficseS Sent Gora oe Sea es 4 1908 44.6 2.15 
Partlyicl ota yee os 2 sy.x rete ortece he Sahacn Siereaeie soyaivertae atatavanatadepey eae etic seen 10 1909 42.8 5.96 
(Osh ee Ae eae oe SOE Oe rer aie Faas on ooo ece soon ne 16 1910 49.2 2.48 
WathiO!01"ormore:of precipitation’ pen s-ccec ncmcias semeereelec ioe eetumerne 14 1911 44.3 2.11 
1912 45.6 3.12 
SUNSHINE 1913 45.9 3.10 
1914 44.7 2.90 
Number holirs Sunsh me: coyetere sce certe eeteteye ams otate ote elena tsterevare artes el nee erie eS 184.1 1915 51.6 1.00 
PgssiblewourssunstimMe stress ces cacti ee aa are cree ee ete sore sae eat a one 402.5 1916 45.7 1.91 
Percentage ol possible: sh oe tone oo eer tees vite Sele ai tele slo Se Soe reer ieee. 46 1917 42.4 5.59 


BaRoMETER—Mean, 30.00 inches; highest, 30.37 inches, on 4th; lowest, 29.36 inches, on 30th. 

TEMPERATURE—Highest, 76°, on 20th; lowest, 21°, on 9th; greatest daily range, 31°, on 18th; least daily range, 6°, on 26th; 
normal for month, 45.6°; excess or deficiency this month, —3.2°; accumulated excess or deficiency since January lst, —249°; 
average daily, same period, —2.1°; highest in 32 years, 88°; lowest, 10°. i 

PrecIPITATION (in inches)—Total amount, 5.59; normal, 2.54; excess or deficieacy this month, +3.05; since January Ist, 
—1.73; greatest amount in any 24 hour period, 1.73, on 4th and 5th; total snowfall, 1.3 inches. __ ; ¢ 

Winp—Prevailing directioa, north; total movement, 5,436 miles; average hourly velocity, 7.6 miles; maximum velocity, 30; 
from the northwest, on 18th. 

Dates or—Auroras, 0; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 18, 19, 20, 30; halos: solar, 4, 7, 10, 11, 16, 18, 23, 24,28. 


lunar, 0; frost: killing, 16, 27, 28. 
DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, May, 1917. 


Temperature. This month since 1863. 
—| Precipita- Percent- 
Date. | oes Character of age of 
| inches. day. possible Mean Total 
Highest. | Lowest. | Mean. sunshine. Year. tempera- | precipita- 
| ture. tion. 
Mae ait: Ge ial 44 Ot | sGlondyes =. 2-5 0 1 Lae halle Sees dl ie neerictic 
Da eaiis 1] 31 41 0.01 | Partly cloudy... 61 1864 60.2 2.87 
Dates ose. 59 30 44 0 eee pm eree 99 1865 57.6 1.77 
Be ces, 3:0 $ 47 33 | 40 Owl Gloudyass ws. see 28 1866 55.0 3.48 
tae ses 45 | 36 40 0.04 | Cloudy......... 0 1867 61.1 3.80 
} 1868 59.1 2.80 
ie eee 52 39 46 O10s|\sCloudy 22. s-. 43 1869 | 56.0 2.05 
URE 59 35 47 | 0 | Partly cloudy... 72 1870 64.3 1.16 
th eee. 56 36 46 OLCloudys.. 2350 37 1871 61.4 1.97 
Oe aaa 55 32 44 0.| Partly cloudy... 68 1872 58.5 3.72 
PO. gostei. 62 33 48 Ons @lear ys. Bio: 85 1873 56.9 3.05 
1874 59.6 1.77 
Wes carte 53 35 44 0 | *Cloudys->- =. -- 60 1875 60.8 4.46 
1 PA oe 49 39 44 ON iClondiyss. se nor 0 1876 58.0 4.13 
(ee are 61 41 51 0 | Partly cloudy...| . 77 1877 58.2 2.23 
1 eee 71 37 54 0 | Partly cloudy... 99 1878 54.6 3.44 
1S je ner 71 44 58 One Glondyas5- 23. 51 1879 58.8 2.45 
1880 64.3 5.59 
GS bocce 76 51 64 | OnlpClondyaeee ee ee 65 1881 65.2 211 
Ae 73 49 61 0.01 | Partly cloudy... 63 1882 52.7 4.04 
TSA thaviesc | 81 56 68 Oe Glears a. sae < yc 100 1883 52.8 5.66 
1! ec 83 | 57 70 0.01 -| ‘Cloudy.......... 70 1884 56.9 3.95 
A oe | 64 46 55 0 | Partly cloudy... 73 1885 55.8 2.30 
1886 58.1 2.67 
LR Bee 46 3 42 0.86 | Cloudy......... 0 1887 64.3 2.42 
De oe ee 42 33 38 0.83: ,| Cloudy..:. 22... 0 1888 Rist 3.66 
Doar eae) 44 33 38 | 0403); Clondy2.c Leo 5 1889 57.4 3.61 
Des | rsie <a 52 37 44 Of |p Cloudy a2) ~ 27 1890 5a. 4.98 
7s Bee 65 37 51 0 87 1891 “lade 1.63 
1892 54.5 5.92 
61 43 52 0.39 10 1893 54.4 2.86 
54 44 49 0.90 24 1894 56.9 4.83 
61 41 51 0 35 1895 61.8 2.06 
71 41 56 0 100 1896 66.5 3.14 
70 47 58 Oye Gloudy. tes... 24 1897 55.8 3.29 
72 59 66 0.08 | Cloudy......... 15 1898 56.5 2.15 
1899 58.8 3.59 
1900 58.8 4.17 
Mesmlnichest tempera sure srrescxox. 0d ne octet Mee che als eis eis ta Geto cess 59.9 1901 55.2 2.42 
Meanilo west: Lamipera pure jticts tx sesso be eerei sere owatonna ee Ste ee 40.4 1902 58.4 4.92 
Meaniemperabareforimon tity .52 ic eee as soe eto ans soe ne 50.2 1903 59.5 2.63 
ROL a Precipitation. {On MmoOnthine sete. ate Aska eee en eee ee ore 1904 57.4 2.40 
1905 56.7 5.17 
WEATHER 1906 56.6 3.05 
1907 512 2.22 
Nam DErdaya clear, | emesis a Seti foie o’ciscoyachelel ieee te oe ota avetorets dhaterast 4 1908 59.6 5.59 
EIULVACLOUCY tae c ate araiStty ut arise ite miata aiinnas ulate, to aoe aulte cere ae ee 7 1909 55.8 2.44 
(UT ARE E * S2 SERRE Pe ne ter a DEY eae tay nes Meet ee 20 1910 51.5 4.13 
Wirt OO Lrormiorelof precipitation er.s)teschcchminctos asectoeucteeimee ae hecene 12 1911 63.5 2.67 
1912 57.6 6.57 
SUNSHINE 1913 56.2 2.22 
1914 58.6 4.66 
MGMDEENOUrS SNAhING ease, a Aah, oh a ak, ot wate oe an ear 216.7 1915 51.5 2.74 
Possible hours sunshine 5 1916 5696 5.13 
IB CreentaceroLDOBslblen 2 sarees orcas atta act estes cs oe oie ibe 48 1917 50.2 3.37 


| 


BaromMmETER—Mean, 29.92 inches; highest, 30.22 inches, on 7th; lowest, 29.27 inches, on Ist. 

TEMPERA TuRE—Hizhest, 83°, on 19th; lowest, 30°, on 3rd; greatest daily range, 34°, on 14th; least daily range, 7°, on 21st; 
ncrmal for month, 57.1°; excess or deficiency this month, —7.0°; accumulated excess or deficieacy since January Ist, —464°: 
average daily, same period, —3.1°; highest in 32 years, 95°; lowest, 17°. 

PrecIPIraTION (in inches)—Total amount, 3.37; normal, 3.58; excess or deficiency this month, —0.21; since January 1st, 
1.52; greatest amount in any 24 hour period, 1.29, on 26th and 27th; total snowfall, 0.0 inches. 

Winp—Prevailing direction, northwest; total movement, 6,097 miles; average hour!y velocity, 8.2 miles; maximum velocity, 
29, from the southwest, on Ist. 

Dates or—Aurcras, 0; dense fog, 0; hail, 26; sleet, 0; thunderstorms, 1, 17, 19, 21, 26; halos: solar, 3, 4, 29; lunar, 3; frost: 


killing, 3; heavy, 9, 10; light, 4, 14. 
DEWEY A. SEELEY, 
Local Forecaster. 
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Monthly Meteorological Summary, Lansing, Michigan, June, 1917. 


Temperature. This month since 1863, 
bell oe es NT ae we cere | Percent- 
Date. | piece Character of | age of 
inches. day. | possible 
Highest. | Lowest. Mean. sunshine. | Year. 
| | at — 
Lik wad ots 66 56 61 0 | Cloudy. 43 1863 
Pc eS 76 | 49 62 2085 |iCloudyaensaeces 43 1864 : 
Sie ies 72 46 59 0 |cClear\ 9 -o2. 100 1865 | ; 
CS ere 75 51 63 0 | Partly cloudy. . .| 83 1866 : 
ecanctass 63 | 57 60 O45 NP Cloudy.2... 62 5 1867 . 
| 1868 | : 
Hepascec 76 | 58 67 1.19 | Partly cloudy... 48 1869 : 
(eta 63 | 54 58 0.08 | Cloudy......... 21 1870 § 
arisen 69 51 60 0 | Partly cloudy... | 67 1871 ; 
Ose ieee 73. | 48 60 ONeCloudy- 272-12 =. | 76 1872 : 
LOS eee 77 52 64 0 | Partly cloudy. . 91 1873 ; 
1874 6 
rere are ta 81 | 53 67 0 | Clear. 98 1875 6 
125 Sack 85 59 72 OMiPClearaG. aes oe | 88 1876 ll 
LSS acece 78 50 64 0235)|'Cloudy.3-. +. o- | 16 1877 5.9 
Mae cron 60 47 54 0 | Cloudy | 54 1878 mil 
152 oe 56 45 50 0.01 | Cloudy.........| 42 1879 0 
1880 6 
IGP sco 67 39 53 0 | Clear. . 100 1881 B3 
WS eax 71 45 58 0 | Cloudy...... 62 1882 3) 
1S eae 83 55 69 0 | Partly cloudy... 80 1883 9 
ae 79 55 67 O25 |\"Cloudyzes.ee..- 56 1884 9 
20 Roe 64 | 47 56 OMIN@loudy2-es. 4206 66 1885 if 
| 1886 Mi 
pA ae ee 78 43 60 One Cloudyaeeeees 88 1887 Hy 
Do erste ers 75 54 64 0.18 | Cloudy......-.. 37 1888 9 
OB} oe Gis oe 74 52 63 0.847); Gloudy. 3.20... 12 1889 8 
DE ne afer iys 68 51 50 0 | Partly cloudy... .! 39 1890 eB 
Date Rees 73 49 61 0.01 | Partly cloudy...| 70 1891 A 
| 1892 it 
IGS eet 84 62 73 0 | Partly cloudy... | 79 1893 66.6 
7 Pemoe 79 57 68 Ose Cloudyeteeete. so} 71 1894 71.4 
pA ae tee ae | 73 60 66 IP 2 Tale @loudynes .ckaee | 9 1895 71.4 
DO setae | 75 54 64 0.01 | Partly cloudy... 80 1896 69.9 
BO seein scr 79 52 66 0 | Partly cloudy... 97 1897 64.2 
Bille meus | Berit cael eG oct ann a once hein atte eee Pain cpa ene ilar: lene ate toe 1898 67.6 
-- — 1899 68.2 
1900 65.2 
Meanvhighestitemperatuneieeen aces eotr vc aes a arac ons Sec ie camer 73.1 1901 68.0 
Meamilowest temperatures a, cnx ee rice cies aeinee Soe as Soe oe SEE Eee 61.7 1902 61.8 
Meéanttemperatured Ornmonilsa. ons ecei eee asacen eae ee eee 62.4 1903 62.0 
Lotalspreeipitationsfor- mon they. cmon Meee ce ie hc ery, Sree ree ee ae 4.54 1904 65.6 
1905 66.2 
WEATHER 1906 67.1 
1907 65.0 
Number idaygcleanej.c2 jacteniacc. ssh cic saree es ae OE ee eee 4 1908 70.0 
Partly ClOU CY cet 6 o:catoty eaten cs are eee SR eee ee eee eee 10 1909 66.7 
Cloud yer se eenttenue eect ee natn: co eme ne En tecconae eek ake eee 16 1910 64.9 
Wath 0:01 ormiore of precipitation eer eeet eee eet ae oe ne ter eee eenee 12 1911 68.0 
1912 63.1 | 
SUNSHINE 1913 67.6 
. 1914 66.0 
Nambersholrs:sinshine ss, ser) ae eye a eer one cinco es toe rain 280.9 1915 61.0 
Possible hours siuebine prose ey ee ietie icy ee mene ean neater oman cere 459.4 1916 a 4 


Percentace: Ofmpossible 2. ast ck meee eee ee eee ee Sees 61 


1917 | 


— 
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Total 
precipita- 
tion. 
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BarOMETER—Mean, 30.01 inches; highest, 30.31 inches, oa 17th; lowest, 29.58 inches, on 6th. } 
TEMPERATURE—Highest, 85°, on 12th; lowest, 39°, on 16th; greatest daily range, 35°, on 21st; least daily range, 6°, on 5th; 
normal for month, 67.2°; excess or deficiency this month, —4.8°; accumulated excess or deficiency since January Ist, —610°; 


average daily, same period, —3.4°; highest in 32 years, 99°, lowest, 34°. 


FRECIPITATION (in inches)—Total amount, 4.54; normal, 3.40; excess or deficiency this month, +-1.14; since January 1st, 
-++2.66; greatest amount in any 24 hour period, 1.56, on 5th and 6th; total snowfall, 0.0 inches. : : } 
Winp—Prevailing direction, southwest; total movement, 4,213 miles; average hourly velocity, 5.8 miles; maximum velocity, 


23, from tne southwest, on 2nd. 


Dates or—Auroras, 0; dense fog, 0; hail, 0; sleet, 0; thunderstorms, 5, 6, 13, 19, 23, 25, 26, 28; halos: solar, 9, 30; lunar, 0; 


frost: killing, 0; heavy, 0; light, 0. 


DEWEY A. SEELEY, 
Local Torecaster. 


EXTENSION DIVISION. 205 


REPORT OF DIVISION OF EXTENSION WORK. 


President I’. S. Kedzie: 


Dear Sir:—The Extension Service of the College for the year ending 
June 30, 1917, was carried on under the same sixteen projects, with the 
exception of No. 10, as were reported last year, as follows: 


1. Administration. 10. 
2. County Agricultural Agents. 


3. Home Economics. ee 


4. Extension Schools. 
5. Boys’ and Girls’ Clubs. 12. 
6. Farm Crops. 


9 


ee 
7. Live Stock. Wel. 
8. Horticulture. 15. 
9. Potatoes and Vegetables. 16. 


Control of Muck Crop Dis- 
eases.* 

Farm Management Demonstra- 
tions. 

Control of Insect Pests. 

Household Engineering. 

Forestry. 

Markets. 

Farmers’ Institutes. 


The work conducted under each of these projects is given in the re- 
ports of the various leaders which are appended hereto. 


EXTENSION BULLETINS PUBLISHED DURING FISCAL YEAR. 


Title. Author. Edition. Pages. 
Ext. Course Notes No. 10..| Dairy cattle feeding....... DEAL WialGTOne init ol -.| 10,000 16 
Ext. Course Notes No. 11..| Food values.............. Dept. of Domestic Science} 10,000 7 
Exte Course NotedsNou 1254) Millie. sce Peas tee Force Dept. of Domestic Science} 10,000 4 
Hxt.Conrse NotessNo. 132)|| Hee R5 wey cake sits ccs toed ae Dept. of Domestic Science} 10,000 7 
Ext. Course Notes No. 14..| Market classes and grades : 
of meats. Ah Sees eile Dept. of Domestic Science} 10,000 14 
Ext. Course Notes No. 15..| Vegetable foods........... Dept. of Domestic Science] 10,000 21 
Ext. Course Notes No. 16..| Rules for planning the family 
Gietary. tse ocee ee ee Dept. of Domestic Science] 10,000 11 
Ext. Bull. No. 1 (Revised)|} Inoculation with nodule 
forming bacteria......... Ward Giltner........... 5,000 4 
PESby alow IN Ole O)-) spa. eye ve: Some bean pointers........ DE LOOK ry aiaaveudtsc tice rea! 10,000 8 
este Sil eNO i fae Pera Suggestions for growing 
Potatoes: fh Sink Ma tel ee Clea W Wa ees cn ee ae 5,000 6 
Club Bulletin No. 10..... Home canning by the one- 
period cold pack method..| Anna Bryant Cowles.....} 15,000 10 


RESIGNATIONS AND APPOINTMENTS OCCURRING DURING FISCAL YEAR 
JULY 1 196s LOmULY 1 oer. 


Resignations 


J. F. Zimmer..........County Agent. 
J. Allen Petrie. /.... 2. Ext. Spee: in Horticulture. ......April 15, ’17 


C. iP. eed... * eee 


Theta ole wenicten a sid Cay. tT 


Farm Management Demonstrator. .May 15, 717 


I. K. Maystead........ Ext. Spec. in Farm Crops.........May 15, 717 
Paulina E. Raven...... Home Economics................dune 29, "17 


*Wstablished in May, 717. 
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Appointments 


C. A. Spaulding.......Asst. to State Leader, 
Boys’ and Girls’ Clubs....:...: «July de 
ds Ay Peitas 6, .npsvews FLO PLicn Iie ay. ainveeaeiets ee uae ee July 1, 716 
Edna V. Smith. 4 «cs: Home Economies. ...,....33...+. «sey eee 
Kk. C. Mandenberg..... WOOP ESEP Yat ay oss 6 dtd sree ere ea eee eee July 1, 716 
County Agents County 
Prank Sandhammer ...:.. Manistee. cee oia + sie pa eke July 1, 716 
BS ES eat take age 2 Menominee si 2 acai o<.js)-'0je aie oe oe 2 wel 
TOG AMOS snd See ers Pchoolenake ns aaes «cs alice pee ee July 1, 716 
Geo; Hy, Pipers 22. Wext OTs scrote bie Ronn) EO January 10, 717 
i... Barnet aie Missaukeen eager ft. Hier ceteris March 6, 717 
CarluMy:) Kadman<.a. Presque piglets. cc. o8 arene April 20, 717 
Benj.-P: Pattison... .4: Delta... Aen. ster a op eto gene May 15, 717 
Orestes: I. Gregg. ...... Wayile 6 suis son pie Sheen eee June-1, 717 
By. ness aotsticds CRIPPCWA...-. . d.50s oes bie cceauertys 2 A De 
STATISTICAL SUMMARY. 

*THECUURES bitch alae Sash Gael os ee OE eee 1,841 

PL PEM ANCE: [I Siete, < Nast Moule aye ecards ae eee 44,194 

DeMONSEATONSY c-50 06 oc aie ae 311 

VEN GANCE™ gence Le ne to eee oe eo 6,594 

Canning Denmionstrationsindir.. oa. scene aco shee slntets 314 

PA CLEIC AD CER oes Seer ee dcnerncee eet eet ge he ae ee eet 17,084 

LEU SIONMSCHOOIS,, race eis ie Senco ao ste eons Ee ee 92 

PANES TEGLTU@E » teers, cen wo € ogee gu naweateytastecey saaige: San Oe eae 5,936 

ITA SV AS TUG oth) ptenatios core. ots se Suaueg tee erie eee eee 1,537 

Farm Management Account books summarized... 190 

Account books started ...... 932 

Breeders’ Associations organized..............-.- 15 

Cow (Testing “Associations. 22. bates ete see 15 

Bair.(judeing demonstrations), .— ust e > s 22 

Boys’ and Girls? Clubs*orgamized: <....2aees)4 sys 682 

; Counties, Boys’ and Girls’ Clubs organized........ 61 

Club: smembers> save sees oe ee ee eee 27,654 

Lectures by others than Extension staff.......... 176 

Ath AN CO A ee Besse mere te ore sar nae ee ee 56,661 

Markets: associations organized ...............: 15 

associations re-organized <..52dce0 4.2 : 8 


EMERGENCY FOOD PRODUCTION. 


Immediately following the declaration of a state of war with Ger- 
many, the importance of increasing food production was made a great 
issue by President Wilson. The success of any effort seemed to depend 
upon giving assistance along three lines, viz., labor, credit and seed. 
Plans to give material assistance along these lines had already been 
made for the 30 counties employing Federal and State County Agri- 
cultural Agents. In order that all counties could be served alike, a re- 
quest was made to the War Preparedness Board for funds to employ 38 


*For summary county agents’ lectures and d2monstrations, see Report No. 2, County Agents. 
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emergency agents for May Ist to October 31st. This request was granted 
and the agents were employed to act as joint agents of the College and 
the Food Preparedness Board. The following men were employed as 
Emergency Agricultural Agents. 


County. Name. Address. 
io. 0 eee geae eePeoweae nace eon sce. AVR OSH ctr maia cro cain t A sc ta areas Munising 
leonay TOSCO n 2 Sue. = wie Freebie LESCOL bar. © 2 Be | ttre tants ne taaes Lincoln 
Antrim, Otsego, 

MonitMOreney sn s),< 3.5% «5° Te DL SAME N..7 ha oeersid.. <oopnar eh Oca etmne Gaylord 
1 5 2N6 6S te rene RCC SEE ROE | rid a) 87 GLO 00 11a Ne Bet rear eae Ses Nashville 
SAV g AV EMAC! St. Wrvace sat ates RR ELT TISOM ehE ws ele, crt <a = i Bay City 
CHR aie era Raa grace VE OM CSc. ts ntorets sera ca ee. ae Cassopolis 
BE INO TIM cf) o's aces tates. 3 EE SES SNOT site tae aye iene iene a oye ooh ook Marshall 
Oi PIGVONR oi oer. ee shane GeOuce a. MORIN a: we ata sete sie 6 ott Petoskey 
PE rst cts ward ste hha eg W..; JieiMennedy? treet ast Sb ek Bhs oe ee Clare 
OUTITINS 0) 80 oe eager oe eerear are OO a OMISEI trccare Yeh ie aeenecneeas Laingsburg 
| T5910) 2 er PEP en Eo Pred Curtiss. oho eaphass bee oe Charlotte 
POSES chs tars ent ag cer Sao te Sy et RMT CMMAUL OO Fests Decree geet Flint, City Hall 
Grand Traverse, 

RSA oc tes ss see Ma: Duecklesie a. sess agen oe Traverse City 
SUNG TT RE Rg ee eer ce UE Re ARGV TONGS no taper nee ya a ae Gladwin 
SrA Os ares eis ss a otis ove bod (Ce des CHAMDCES ose 5c cesteie pee een cae Ithaca 
US ale ise). Foe ore S: aiiete os GeO. RAMU 5 tra plore wrabere se wietarein oe Addison 
AAU OR etacewersta terete ets eceke.s due MC CAativin cn stus wana? fa dares Bad Axe 
Ger TPM Sector eo ate pr eee a ols Prank: Seeley. o /os)s sacs 5 soleus aces deer: Mason 
CTT NES ae Rene an OED”: Arthur, Loomis... .- «. Ionia, R. F. D. No. 3 
MAIO UE ED ics <i~ aie’ ain sce SV ere> Stephen Sal. one. ok aes out a Mt. Pleasant 
EK SO Me eae t oil v3, a ore ts oke K. C. Fowler...........Jackson, Court House 
HPAES os See se loci ee VOL VV SCULLY Arecoee cece «urate orctere aoe Sing Almont 
Leelanau, Benzie........ AC MCDEL Ea. cis aoe oe wancaee ears. Suttons Bay 
ALAM SLO, psc. foe's fee ole Te, SW SSN OEEOIE oe Sache oe ied wee ss ines Howell 
INACORUO Soe 55 eai.c en cae Bi Ge BOR ccgecee oe atom apr a octsek ce Washington 
MaekINdGs LUGE Hi. 5 sos. MT AS ie agin 2c cusreacats ge steers eee 2 Newberry 
WIECOSUAS a. simeiers ths wise et Be dec Ord oes Baste om shape wicca Big Rapids 
LENG HIE WY 6 Das, ea irre rns AS Wiss Flo Ges : ants ie emer eee Midland 
1. VOT C012 A ae ee erate eae SSO A Wiantslows ie hae re tee ce te ee Temperance 
ioe clliin so. Sages aot 8 68 Edwin Dy Greenhoe, <7... iack ico ees Sheridan 
Olalobamas A. a ata ey ave Marry, MeC@racken. soar. ne Farmington 
CRAB ARS. 2H Reta creat arch eae BSC BEACH LG, ho. tad os vital a orera cin te oes Hart 
Osceolas hakev a) ao....'s OFS bad G0 Cade pera etn Re hae aes Ane Kvart 
Roscommon, Crawford, 

Ocemaw. and Oscoda... W. EC Jobnston oo. se oe ses cen = Roscommon 
RNAs °c Oe ae eel Grant SMUItM fee are wee <a welts ate whee Lexington 
SHIAWASSEE foc! o vce ere 3 PA Ew ee CN: So hats are cs ORG Sian Se oe eee Owosso 
ESCO a8 2c 2 ew afo,e we eqs lex NPAC VAC sis. sar etere dates tp als whee, © oe Caro 
WV MILEMD Wo. ures oo <sa0 ova Wome erdowi ve s.°0 here aa ics. os Ann Arbor 


From May 1st to June 30th these agents gave their time to securing 
seed, labor and credit where such needs were found. A complete report 
of their work will be made at the end of their term of appointment, 
October 31st, 1917. 

A special publicity office was established April Ist, for the purpose of 
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placing in the hands of all newspapers of the state timely copy on food 
production lines. Mr. Earl Trangmar was employed to supervise the 
work and secure the cooperation of the press of the state. P ractically 
all of the news and farm papers have supported the movement by giy- 
ing liberally of space, using from one to two columns of agricultural 
matter each issue. 
Very truly yours, 
R. J. BALDWIN, 
Iixtension Director. 
Kast Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK IN HOME ECONOMICS. 
BY EDNA V, SMITH. 


The efforts during the year have been mainly toward the problems of 
preserving foods, and textiles. These lines were being made major 
features throughout the year and as war conditions approached and be- 
came a reality, full time was given to them. Canning by the one period 
cold-pack process has been demonstrated in 120 places and bulletins have 
been distributed through county agents, schools, women’s clubs, granges, 
farmers’ clubs, and other organizations until it is safe to say that any 
housewife in Michigan who has desired to can has had an opporunity to 
learn something of the method. Drying perishable fruits and vegetables 
has been considered important and demonstrations and lectures have 
been given wherever interest has been found.. 

The conserving of energy on the part of the home managers has also 
been given much attention through instruction in systematizing work 
and using labor saving equipment. This will continue to be of great im- 
portance “because of the increasing scarcity of labor during the war. 

The elimination of waste from the daily operations of the kitchen has 
been made a public issue through newspapers, posters and lectures and 
indications of results are found in the reports of garbage collectors from 
the larger cities to the effect that there has been a noticeable decrease in 
food products thrown into garbage. 

The impossibility of the present extension staff meeting all calls for 
food demonstrations became apparent soon after the war program 
started and volunteer workers were called for. A training school for 
such workers was held at the College during the last week in June and 
was attended by over one hundred women who had had at least two 
years home economics training. Twelve thrift lessons were prepared — 
by the Domestic Science department and these have been offered to 
thrift clubs which are being rapidly organized and placed in charge of 
some local leader. To bring the application of these thrift lessons point: 
edly to the attention of each individual a pledge card has been issued to 
be signed by the housewife and hung in the kitchen. .The substance of 
the card is given below. 


EXTENSION DIVISION. 209 


AS MY CONTRIBUTION TO MY COUNTRY IN ITS NEED, I PROMISE: 
To Take A Vital Part in National Food Conserva- 
tion. “To Make Saving Rather Than Spending 
My Social Standard,” To Save Food: 


1. By Careful Selection and Buying: 
1—Go to market myself as far as practicable. 
2—Buy food in season. 
3—Avoid foods high in price and low in nutritive 
value. 
4—Substitute cheap foods for expensive foods of 
same nutritive value. 
5—Conserve protein or tissue building foods by 
wider use of skimmed milk, sour milk, cottage 
cheese, ete. 
6—Order deliveries but once a day. 
2. By Correct Cooking and Serving: 
1—Avoid cooking larger quantity than is needed. 
2—Use left-overs. 
3—Cook vegetables in jackets. 
4—Use water in which vegetables and meats are 
cooked. 
5—Use fireless cooker when possible. 
6—Avoid giving too large servings. 
~7—Place carefully balanced ration on table for 
family. 
3. By Cooperating with Others. 
To simplify refreshments at social gatherings. 


4. By Canning and Drying 
Perishable vegetables and fruits. 


INANE 2299 Sarton shin le titers Pee hehe 


SUMMARY OF HOME ECONOMICS EXTENSION WORK. 


No. Attendance 
Canning =denionstrations 0202. . 60 hee 120 5,155 
Miscellaneous demonstrations ........... 607 762,688 
Lecture meetings ...... Brig: Fee, 8  gheek ban id OS 9,519 
Erensioni men oolss iis ie alae cake hel alk 35 2,205 
Total atreMGamce: sti. gas. 2s seat yan Ontatees 19517 


Kast Lansing, Mich., June 30, 1917. 
27 
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REPORT OF COUNTY AGRICULTURAL AGENT WORK IN MICH- 
IGAN FOR THE FISCAL YEAR ENDING JUNE 30, 1917. 


BY EBEN MUMFORD, STATE LEADER. 


INTRODUCTION. 


Since January, 1916, a report of County Agricultural Agent work in 
Michigan has been issued each month. These reports have summarized 
the progress and results of the principal activities of the agents and form 
the basis of this annual report. The monthly reports are based upon the 
weekly reports which in turn give a report of the field and office work 
for each day. The monthly reports summarize the work under the lead- 
ing projects and also give a statistical statement of the office and field 
work. The order used in the monthly reports, in describing the progress 
made in the various projects has been followed in this annual report, and 
a statistical summary of the office and field work for the year, as far as 
it has been possible to state the results statistically, included. 

At the close of this fiscal year there were thirty-one counties having 
County Agricultural Agents under the regular Farm Bureau system, 
where the cooperating parties are the United States Department of Agri- 
culture, the Michigan Agricultural College and the county organization. 
Five counties were added this year as noted in the chronological state- 
ment of the development of the work. There has been but one change in 
the personnel of the County Agents. Mr. J. F. Zimmer, County Agent 
for Wexford county, resigned December 30, 1916, and Mr. George E. 
Piper was selected to take the place. 

There has been a considerable development in the employment of as- 
sistants to County Agents. The demands of the work soon become too 
numerous and too varied for one man to meet and in all counties where 
the work has become established the time of one or more assistants could 
be used to great advantage. In Kent county by June 1 there were five 
assistants: Mr. C. J. Seidel and Mr. Floyd Smith, Assistant County 
Agents; Mr. L. 8S. Markley, Assistant in Boys’ and Girls’ Club work; Mr. 
William Murphy, assistant in Gardening; and Miss Emily Castle, can- 
ning supervisor. In Marquette county Mr. H. C. Rather was made as- 

.sistant in club work; in Ottawa county, Mr. William Van Buskirk, As- 
sistant County Agent and Mr. Charles Morrice assistant in club work. 
In other counties assistants in club work have been employed for the sum- 
mer and in many counties assistants have been appointed to take charge 
of the canning demonstrations. 
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CHRONOLOGICAL STATEMENT OF THE DEVELOPMENT OF COUNTY AGRICULTURAL 


AGENT WORK. 


; : . Date of Se 
County. Agricultural agent. beginning. Address. 
wae. il heaiGhs Sanita fe wpe Ay eea July 1, 1912 | ) 
Alpena...........-.. VieDayid Woodman sos) 5.05 jose. Mar. 20, 1916 | f Alpena. 
TOM at Aa ays. asi shod erete =, ots ReaGe Hoopingarner Be Se ee ae Sept. 1, 1912 Crystal Falls. 
HERES pe oa HOG. omit it] Fab’ "2: 1806 | } Gxana Rapids. 
TGA AZOO 6 ss oye. + al SABO AWiOOUIMANC). ne aan ee piel see nieN at ae Kalamazoo. 
ar. 1, 1913 

Allegan Ceo cue ee ae ae ‘ Aifred Bentall April 20, 1916 Allegan. 
q . Beg Gare ovo (ct UUs es Cie eeeiCees Caer are 1, LOLS 
St, Clair........---. {| Glark L. Brody............0.... April 1 } 1915 | { Port Huron. 

ThaWWit CHAD isitanira ee Gover Soa April 1, 1913 
Branch............. [ket do Nahi hee eee at we July 1, 1916 } Coldwater. 
SOU Wine ao enters fails 2 Hari PMRODIMEOM vers vac kien ieee April 1, 1913 Saginaw. 
OUP TGOM: byenary tno eau aL Ba IS CC (a Cine hee ved reg en oe June 1, 1913 Houghton. 
INEWAYE OMe te ticisn ac tte Be BYBlanGfondis.fae4.c. occ ce June 10, 1913 Fremont. 
(LOBEDICI ae fect oes es ars J ; ¥ Padoneky. eto ii rho ee ete ute 1, iolg Tronwood. 

De besAlmMmMer js 55 ver ke eh sat er eee ct. ; P 

Wexford............ {| Gun SPipar syncs hae eee ee Jan. 10, 1917 | { Cadillac. 
SUMIOREDIG a sete Sr steva | doc Nc UMONGER. ma-d cape syste ao. ara a oye Dec. 15, 1914 Centreville. 
Marquette..,.36 2502). %..« eb eR Wal ery nice ot ck. at steater a is July, 15,1915 Marquette. 
MEK INSOM Pe soe8 5 ces WkGOAV SB allarcae tt: tits. arenes July 1,1915 Tron Mountain. 
MACAW EO: once ie itis ae es Cis COME as cys, wra'e Sie oral Sere Aug. 23, 1915 Adrian. 
Ontondeone, oe 2. WR Gry ane key. ets oe ee ee ee eee Oct. 10, 1915 Ontonagon. 
CHebOWEaNy. acer re waste CS Beko piesa tee scss ene Dee ol, 1915 Cheboygan. 
OLiaWaiec wets Salar eco ado ahe2s | Dl Ge ermiam's 2s. sy. ae nee aie Jan. 1,1916 Grand Haven. 
IN EY Soy al et pn oe pelle, Wag Ween Ot tet neraiecperon aie Gane Feb. 16, 1916 Scott ville. 
IVETIBK CSOD 2 Sc sieve, estes RUA OI. e-e cla ort eet he eae Mar. 1, 1916 Muskegon. 
Wan Borenion tho...) 6.) WaskPAG AM ATTAIN aon conefeaedarrs sievet te seus Mar. 1, 1916 Paw Paw. 
HSCVIREHM ee Se eC cchte cans Ee AUIS, ieee are euch ioe May 1, 1916 Benton Harbor. 
Mamisheeis. Sa...) Krank Sandbammers:.. .<4a:2 2.4 July 1, 1916 Manistee. 
WUEROMNTCC cca see; (dono EUS or Goo dtp ero oom oe July 1, 1916 Menominee. 
schoolcratt <5. 058 3... : HEDLGy, AN aac oeboe dteA don BSE July 1, 1916 Manistique. 
MRE AKEC Hf). ok MT Aree nee serene te Mar. 6, 1917 Lake City. 
IPTEAQUGHISIE) 0. tee Wace i MOw Mriidman. Acti priin cites ae April 20, 1917 Onaway. 
IDEN E'S aie Od oOo Die ante <PattisOn .i 8. © sidetecr seh May 15, 1917 Escanaba, 
\WVENNG hi Catone le siec peIO Onl (Gree es Sse. eek cto ote June’ 1, 1917 Dearborn. . 
(GHIDDEWike lasts sei dis te [eis has, TRAY C sews eco than tes Sheoechahe June 11, 1917 Sault Ste. Marie. 


Through appropriations by the Boards of Supervisors three more 
counties, Genesee, Luce and Alger, have raised their share of the funds 
for starting regular County Agent work and each will be in position to 
employ an Agricultural Agent as soon as funds are available from the 
College and the U. S. Department of Agriculture. In Tuscola county 
forty men pledged fifty dollars each as a guarantee fund for starting the 
work there. Mr. Alexander MacVittie was chosen as Agricultural Agent, 
to begin work August 15, 1917. Farm Bureaus have been formed in Isa- 
bella, Luce and Washtenaw counties and plans are being made for start- 
ing County Agent work. There are other counties in which the County 
Agent movement has been explained at farmers’ meetings and in which 
steps have been taken toward strengthening the sentiment for the work. 


FINANCING THE WORK. 


The plan for financing the work has been essentially the same as that 
outlined in last year’s report. In all of the counties except four, the 
larger part of the county’s share of the funds is now appropriated by the 
Board of Supervisors. In three of these four counties the work was 
started by membership fees and subscriptions, and in the other, one-half 
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of the funds was raised in this way and the other half was appropriated 
by the Board of Supervisors. However, the indications now are that in 
all four of these counties the larger portion of the county’s share of the 
funds will soon be appropriated through the county government. Farm 
Bureau membership fees and subscriptions continue to form an import- 
ant supplemental fund and are particularly yaluable in securing a per- 
sonal interest in the work. 


PLANNING OF WORK AT THE ANNUAL CONFERENCE. 


One of the most important features of the year’s work was the Con- 
ference held at the College November 20-24, 1916. The main purpose of 
this Conference was the formulation of plans and methods for 1917. In 
order that there might be as much time as possible for the consideration 
of these plans and methods, there were appointed by the State Leader, 
two weeks in advance of the Conference, twenty-two committees com- 
posed of members of the College faculty, Extension Specialists and 
County Agricultural Agents, to outline the different projects for discus- 
sion. As a result much valuable work had been done before the Confer- 
ence assembled. 

There were eleven sessions of the Conference, beginning Monday aft- 
ernoon and closing Friday noon. The first day was set apart for the 
meetings of the committees, especially of those whose reports came early 
in the week. The results of this plan were very satisfactory. The re- 
ports of the committees brought the problems and plans before the Con- 
ference in a clearly stated and definite form for discussion. There was a 
splendid spirit of cooperation throughout the Conference and everybody 
worked constantly toward the one ‘end of securing the most practical 
plans possible for another year. 

Twenty-five projects were outlined and adopted. ‘Each of these gives 
a statement of the objects of the project and the methods of procedure 
for putting it into operation in the county, including suggestions for 
demonstration work and for securing definite data and, so far as possi- 
ble, measured results. A few selected references were included with each 
project, and copies of all the projects were sent to the County Agents, 
members of the faculty, Extension Specialists and Farm Bureau officers. 
The subjects concerning which projects were adopted are as follows: Or- 
ganization, Soils, Commercial Fertilizers, Drainage, Distribution of Pure | 
Seed, Leguines, Potatoes, Horticulture, Entomology, Control of Plant 
Diseases, “Live Stock Program for Michigan, Live Stock Breeders’ Asso- 
ciations, Cow Testing Associations, Control of Animal Diseases, Poul- 
try Demonstrations, Feeding Demonstrations and Records of Produe- 
tion, Farm Management, Househoid Engineering, Boys’ and Girls’ Clubs, 
Relation of the Teachers of Agriculture in High Schools to County Agri- 
cultural Agent Work, Relation of County Agents to Cooperative Market- 
ing, Exhibits and Fairs, Relation of County Agents to Federal Farm 
Loan Act, Forestry, and Home Economics. 


RELATION OF COUNTY AGRICULTURAL AGENT WORK TO THE OTHER PHASES OF 
THE EXTENSION SYSTEM. 


The County Agricultural Agent work is not a one-man movement but 
is a system by which the people of the county through a County Farm 
Bureau with its affiliated community groups ‘formulate an agricultural 
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program and select certain definite and timely projects upon which to 
concentrate attention for the year or for such periods of time as may be 
necessary to solve community and county problems, or to secure valuable 
data or results. In the formulation of such a program and in the solu- 
tion of their agricultural problems the people of the county cooperate 
through their Agricultural Agent with the College and the United States 
Department of Agriculture. This cooperative relationship recognizes 
the local, state and national aspects of agriculture, and greatly increases 
the possibilities of agricultural advancement. The County Agent be- 
comes a specialist on local and county conditions and needs, and this, 
with his acquaintance with the people and their organizations, makes it 
possible for him to direct the extension work of the county, effectively. 
Leadership and cooperation are being developed within the counties, and 
College and department specialists are being brought to the counties to 
assist. Such assistance is used where most needed, and with the great- 
est advantage and economy of time, both to the people of the county and 
to the College and department. 

The increase in the number of Extension specialists has made possible 
a still larger amount of cooperative work this year and the number of re- 
quests for this help continues to grow. The following table gives the 
number of visits made by the specialists to the counties having agents; 
the total for the year was 716: 


3 R Months No. of ‘ 4 Months No. of 

County. reported. visits. County. reported. visits. 
PVA ote eset eann cys otek 12 ZOM iP Marcueries | 5) tees ce 12 19 
(UOTE ie ahs Riel Abe a ee 12 i WEIMAR ONAN ane cys eis Aa ter ces 12 27 
TEXS ne (7 Se ee eee ee 12 AS'a| Menominee a. . Sosa sn - 12 8 
TEATS 21619 oo ce one Pa 12 LSS MMnisker Omi aah mice oe tera 12 31 
GuepOV al.'s 2) ese tae 12 Si eI WaySO Nerasiee oie tos oe 12 27 
SUippewars. oo eh ee 2 Le Ontonaeon we, ees Soo 12 4 
TOV SLNTE He ad lec ba arn ae cn eae 2 2 OTA Wares kena eek 12 28 
ISIS OR rege eo ota 12 ae ETESOUG ISLE Me reyeg, eases 1 2 
OPEWMIC ee a sch ele a ee 12 Dis |MUARIDAW in ease oe emer f 12 42 
ER OUIS HOM eer chs) es histece se 12 Sil sbcClair. .- ts. aki aera {12 38 
NOVA s catohis bys! sass, Bee) saa che 11 TDG Gs Gard OSCDI- py .cart- tates ence ers 12 36 
SAMIR ZOOU otto tare eek ae 12 ALS SCHOOICKALY, He dene eee 12 7 
COTA Menor a Gis anes ancrde ss 12 TADS! |e Mia BUM vrei he van eee 12 46 
Lenawee 12 OOM VV RIVIEIG ia = cok ee Nees tamsmct 3 Fs a 6 
NUATMSUCE A.) te cis oho key 2 12 205) SWiesxtOrd is 2a: conta anaers 12 9 

| 


STATISTICAL SUMMARY OF OFFICE AND FIELD WORK. 


The tabular statement included in this section gives a summary of 
some of the important phases of office and field work. The office work 
requires: an average of about 35% of the agent’s time. This time is 
needed for planning the work, answering personal and telephone calls, 
for tabulation of data, preparation of reports and for correspondence. 
A total of 16,504 farmers called on the agents at their offices for infor- 
mation on yarious subjects relating to the farm; in the 26 counties hay- 
ing the work for the full year the average for each county was 522 calls. 

Press articles form one of the best means of forwarding the work, by 
keeping before the people the activities of the Farm Bureau each week, 
calling attention to the more urgent or timely community and county 
needs, or giving warning of the appearance of transmissible animal dis- 
eases or of the presence of insect and fungous troubles. In almost all in- 
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stances the papers of the counties have cooperated in every way possible 
in the Farm Bureau work. The extent of this cooperation is seen in the 
fact that 1405 different articles were written this year; as some of these 
articles appeared in as many as nine papers in some of the counties the 
circulation was much more extensive than is represented by these 
figures. 

In field work there was a total of 13,965 farm visits averaging 612 for 
each agent. However, to reach the largest number of farmers it is neces- 
sary to work through groups and by communities and for this purpose 
the demonstrations conducted on some of the farms of the community 
and planned to benefit the group, constitute one of the best methods of 
field work. A study of the tables relating to demonstrations will give 
an idea of the magnitude of this kind of work. The demonstration has 
its greatest value when visited by a large number of farmers and this is 
made possible now on a county-wide basis or even an inter-county basis 
by the automobile tour. There were 479 meetings held this year at dem- 
onstrations, with a total attendance of 13,146. .The term “other meet- 
ings” refers to all assemblies of farmers in relation to the work except the 
demonstration meetings, and includes meetings for planning work in the 
county or the communities, meetings of the various organizations and 
associations for forwarding specific agricultural enterprises, such as the 
crop associations, live stock organizations, farm loan associations, in- 
stitutes and extension schools. There were 2,952 of these with an at- 
tendance of 168,675. 
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Irom July 1, 1916, to June 30, 1917. 
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ORGANIZATION. 


The progress in organization has been through the channels indicated 
in the report of last year, with emphasis on the development of commun- 
ity groups and committees through which the agricultural program and 
the various county and community projects can be carried on. In other 
words, the community is taken as the natural unit of organization. The 
organization of the community for Farm Bureau work assumes several 
different forms; in many communities there are Granges, Farmers’ Clubs 
or Gleaner Arbors; in these same communities there may be also one or 
more organizations for forwarding specific agricultural enterprises such 
as cow testing or community breeders’ associations, the various crop 
organizations, for potatoes, beans, cabbage, celery, or pedigreed seeds ; 
farm loan associations; and the organizations for marketing the differ- 
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ent farm products. Tor example, in 1916 the agents in the 26 counties 
were working through approximately 480 organizations, with an esti- 
mated membership of 27,548. However, some of the farmers in these 
communities may not belong to any of these organizations and in some 
communities there may be no organizations. The problem, therefore, is 
to devise for each community the type of organization which will be best 
adapted to its needs. The one fundamental requirement for all commun- 
ities is to provide a working organization that will be representative of | 
every agricultural interest of the community and also representative of 
all the farmers. As the Farm Bureau work is mainly supported by pub- 
lic funds and represents the nation, the state, the county and the com- 
munity, it forms the basis for the type of organization which can coor- 
dinate and federate the activities of other agricultural organizations and 
also include in its membership all farmers who are interested, whether 
already members of some organizations or not. 

A further development of the work this year has been the beginning 
of the organization of the communities by having each school district 
represented by one of its leading farmers. The Farm Bureau program 
is largely educational in character and should be closely related to that 
of the public school system. Moreover, the school district constitutes a 
definite territorial unit, small enough for personal acquaintance; by vir- 
tue of these characteristics it forms a good basis for taking a census or 
for making an agricultural survey in the most expeditious manner. 

A very important project in organization begun this year is the forma- 
tion of national farm loan associations. Although this work was not 
started until late in the year, the agents have assisted in the formation 
of 29 associations. One session of the annual County Agent Conference 
was given to the discussion of this project and a special meeting of the 
agents of the Upper Peninsula was held in May to consider the specific 
problems that had arisen in the organization work and that were more 
or less peculiar to that section of the state. The discussions of this con- 
ference were led by Mr. B. F. Faast, Vice President of the St. Paul Fed- 
eral Land Bank. One of the most significant features of the National 
Farm Loan Association for Farm Bureau work as brought out by Mr. 
Faast is the possibility of such associations becoming the nuclei of very 
strong and efficient community centers. They bring men into close busi- 
ness relationships, lead them to assume mutual responsibilities of a 
fundamental character, help to establish ownership in land and provide 
for the development of the farm business, and these are essentials in the 
welfare of all rural institutions. 


SOILS. 


Problems: In all of the counties soil problems in some of their phases 
constitute one of the major projects and considerable progress has been 
made this year in interesting larger numbers of farmers in the work re- 
lating to soils, particularly through demonstrations. 

Soil Surveys, Analyses and Tests: The surveys begun last year in co- 
operation with the Department of Soils have been continued. Surveys 
have been made this year in five counties: they are Berrien, Branch, 
Manistee, Mason and Newaygo. These surveys of the different types of 
soils of the counties and the analyses that are being made by the Depart- 
ment of Soils are very valuable to the agents and are receiving much at- 
tention on the part of the farmers. The results of the survey made in St. 
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Joseph county last year were presented at the institutes, extension 
schools and other community meetings; these results have been helpful 
in planning demonstrations and haye led to an increased use of lime and 
fertilizer. 

Use of Fertilizers: Through tests and demonstrations in the use of 
fertilizers on the different soil types of the counties attention is being 
called to the plant foods needed and to the most economical methods of 
maintaining soil fertility. Perhaps at this stage in the use of fertilizers 
the largest service the agents are able to perform is through well con- 
ducted demonstrations showing the most economical methods of securing 
the necessary plant food for the different soils. 

Twenty counties report fertilizer demonstrations. Particularly good 
results have been obtained from the demonstrations in the use of phos- 
phates. As a result of these demonstrations there has been a big increase 
in the use of acid phosphate. In Muskegon county last year one car of 
acid phosphate was used in demonstrations on wheat, alfalfa and oats 
and as a result of these demonstrations and explanations of them made 
at meetings, seven cars of acid phosphate were used by the farmers this 
year on spring seeding; in Ottawa county several different communities 
have been purchasing acid phosphate in car lots this season, one com- 
munity alone using 200 tons; in Mason county 38 demonstrations in the 
use of acid phosphate are being carried on. Among the other counties 
reporting excellent results from the use of acid phosphate, particularly 
on wheat, are Allegan, Berrien, Branch, Kalamazoo, Kent, Mason and 
Newaygo. In cooperation with the Soils department tests conducted on 
the Van Buren County Farm showed excellent results from both acid and 
rock phosphate, doubling the yield of oats. At the Kent County Farm 
similar cooperative experiments showed that 400 pounds of acid phos- 
phate increased the yield of potatoes 60 bushels per acre over the un- 
treated plots. 

Correcting Acidity: Samples of soil from more than a thousand farms 
have been tested for acidity, marl beds have been located, a marl pump- 
ing demonstration was given in Van Buren county in cooperation with 
the Farm Mechanics department, lime campaigns have been conducted 
and the use of lime and marl is rapidly increasing. The practice has 
now become so extensive that it is difficult to get complete data on the 
number of tons used in each county. An estimate based upon the figures 
available would indicate that more than 50,000 tons of lime were applied 
on the counties this year. 

Use of Legumes: The increase in the use of lime and marl is in close 
relation to the increase in the use of legumes for soil building demonstra- 
tions of the value of the diffierent legumes and of the best methods of 
growing and using them, are carried on extensively in nearly all of the 
counties. 

Alfalfa: Twenty-one counties report a large amount of work on al- 
falfa,. including tests for acidity; helping to secure the best and most 
economical forms of lime for the different localities; testing the value of 
fertilizers; finding sources of the best seed and particularly of the hard- 
ier strains; distributing cultures; conducting inoculating demonstra- 
tions; advising on the preparation. of the soil and on the time and 
methods of making hay; on removing June grass; and on the value of 
alfalfa for pasture or for hay. In some of the counties the successful 
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methods of growing alfalfa are becoming more generally known and the 
crop is being grown more extensively. 

Sweet Clover: Wight counties report assistance given in the growing 
of sweet clover. Where soil is well supplied with lime and the seed is 
inoculated, good results are reported. The demonstrations include the 
use of lime, the treating of seed, use of the clover as a green manure crop, 
for pasture, hay and seed: 

Vetch: Ten counties report demonstrations of the growing of yetch 
for seed, hay or green manure. In some instances on the lighter soils 
vetch and rye are being tried as a preparation for the growing “of alfalfa. 
The agents have assisted in getting seed and cultures, and in ‘inoculating 
the seed. On some of the lighter soils lime and manure have been found 
necessary for the best growth of vetch, but when these are used the yetch 
has usus ally done well. 

Cow Peas: Five counties report demonstrations in the use of cow 
peas for the light sandy lands. 

Soy Beans: There has been a very encouraging increase of interest. 
in the growing of soy beans. Fourteen County Agents report a large 
amount of work on this legume; in some of the counties where soy bean 
demonstrations have been in progress for three or four years they are 
now grown extensively while in other counties the demonstrations have 
been started more recently but the almost uniform success of these 
demonstrations soon leads to a strong interest in this legume for the 
various purposes for which it is used, such as soil-building, seed, hay, 
pasture and silage. 

Land Clearing: In the Northern Peninsula land clearing problems 
are prominent and several of the agents have been giving attention to 
these. In Iron county in April two demonstrations were held. The 
Board of Supervisors attended one of these and as a result purchased 
three machines to loan to the farmers. In June the agent gave parts 
of 16 days to demonstrations, about 25 acres being cleared under his di- 
rection. More recently five stump blasting demonstrations were con- 
ducted in Alpena county, eleven in Delta, twenty in Dickinson, and 
eighteen in Marquette. 

Tree Planting: In five counties, in cooperation with the Department 
of Forestry, through Mr. Mandenberg, work has been done toward the 
reclamation of sandy areas by planting quick-growing trees. In Kalama- 
zoo county blow sand ridges and other drift sand areas were so planted. 
In Manistee county poplar plantings were made on sand dunes near 
Manistee; pines will be planted between the poplars, later on. Several 
basket willow demonstrations were started. Three plantings of forest 
and ornamental trees were made. In Muskegon county demonstrations 
of planting begun earlier in six townships, are all showing a good 
growth. About 5,000 trees were ordered for this season. In Newaygo 
county a planting demonstration was started on an area of very light 
blow sand, with the object of eventually reforesting the whole section. Th 
Ottawa county 25,000 cuttings of willows and poplars were planted in 
April; this was done by the men of two townships working in groups, at 
stated times. Later, fifteen acres of spruce and soft maple were planted 
on three different tracts for Christmas trees and quick basket lumber 
and as a demonstration in the utilization of waste lands. 

Drainage: The interest in drainage has continued to inerease. 
Methods and costs have been discussed at the institutes, extension 
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schools and other farmers’ meetings. Demonstrations have been con- 
ducted in fourteen counties. In Muskegon, Ottawa, Saginaw and St. 
Clair counties, where there are large areas needing drainage, the demon- 
strations have led many farmers to use tile drainage; in Saginaw 
county 150 car loads of tile were used in one community; in St. Clair 
county on one farm alone, three car loads were used; in Ottawa county 
40 farmers were induced through the demonstrations to drain their 
farms; in Muskegon county 15 demonstrations have been made and 
ditching machines haye been purchased cooperatively by the farmers in 
four communities. In Alpena county four demonstrations of the use of 
dynamite for ditching in swampy land where men and teams can not 
work to advantage, were given. The difficulty in getting tile, the scarcity 
of labor and the Jack of ditching machinery have ‘checked the progress of 
this work in all of the counties “this season. 


FARM CROPS. 


Standardization of Crops through Community and County Organiza- 
tion: A fundamental need in relation to larger and more economical 
production as well as successful marketing has been concerted action 
on the part of communities and counties in the elimination of varietal 
mixtures, and impurities, the replacing of the large number of poor vari- 
eties and the maintenance of the purity of these by community action. 
It is very gratifying to note the progress that has been made this year in 
the movement toward standardization of crops through community and 
county efforts. There have been formed 21 pedigreed seed associations 
and 6 potato growers’ associations. In cooperation with the Farm Crops 
department a well organized movement has been started for locating all 
the pedigreed grain grown in the counties; for inspecting and certifying 
such fields of grain and advertising it so that it may be used for seed by 
larger numbers of farmers. 

Red Rock Wheat: Special effort has been made to place the growing 
of Red Rock wheat and Rosen rye on a community and county basis 
and the results have been very encouraging. In 1913 a peck of Red Rock 
Wheat was sent to each of the Agricultural Agents then employed. The 
small demonstration plots made possible in this way interested many 
farmers and more demonstrations were made in 1914-15 with the result 
that in 1916 several counties began to make this variety their standard. 
The agents in these counties urged farmers having fields of this wheat 
to have it inspected and this has aided greatly in ‘supplying the big de- 
mand that has arisen for pure Red Rock wheat. 

Rosen Rye: The growing of Rosen rye has furnished an excellent ex- 
ample of the value and need of community action. Its superiority over 
common rye is at once admitted by all who have had an opportunity to 
see the two growing under similar conditions. This, coupled with the 
fact that it mixes by cross-fertilization, at once challenges the best that 
there is in community spirit in rye growing sections to show the possi- 
bilities of standardization for more profitable production and better mar- 
keting. The results of the lack of community action are very evident in 
the fact that of the estimated 15,000 acres of Rosen rye in the state, 
probably not more than 5% of it is 99% pure. St. Joseph county has 
made a good record in the introduction of Rosen rye having about 3,- 
500 acres, the largest acreage of any of the counties ‘of the state. How- 
ever, the ‘strong campaign that has been made for it this year promises 
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to make it the leading variety in a number of counties and in a few coun- 
ties where rye is grown extensively, it is planned to make it the only 
variety grown. 

Corn: In cooperation with the Farm Crops department sixteen coun- 
ties started variety test plots this spring with a view to determining the 
best strain of corn for the different localities from the point of view of 
seed production per acre and also the best strain for silage purposes from 
the point of view of total nutrients per acre. Saginaw county has forty- 
five demonstrations with corn. Field selection of seed corn has been con- 
tinued and seed testing work has been carried on through various chan- 
nels, including the schools. The Farm Bureau of St. Clair county pur- 
chased a car load of excellent seed corn from Ontario and the farmers 
were well pleased with it. 

Oats: Twenty counties report demonstrations of treatment for smut, 
use of fertilizers or value of the better varieties of oats. Considerable 
time was given to helping the, Farm Bureau secure and distribute larger 
quantities of pedigreed oats such as the Worthy and Alexander. In the 
counties of the Upper Peninsula efforts are being made to determine the 
best strains of oats for that section; in Dickinson county last season 
tests were made with Worthy oats on twenty farms; in Schoolcraft 
county a policy of the Farm Bureau this season has been the encourage- 
ment of the production of pure, northern grown seed oats. _In some sec- 
tions a strain of Swedish Select oats is maturing earlier than other vari- 
eties this season. 

Beans: Eighteen counties report special work on the bean crop in €o- 
operation with the Departments of Botany and Farm Crops. Efforts have 
been made to get disease-free seed. For this purpose field selection of 
seed has been emphasized by demonstrations, conferences, circular letters 
and press articles. Comparative tests of Karly Wonder, Idaho-grown 
and California-grown Michigan seed, Michigan hand-picked and Robust 
beans liave been made in a number of counties; those with Robust beans 
in sixteen counties. Fertilizer demonstrations have been conducted and 
assistance given in control of insects. A large number of field inspec- 
tions have been made to determine the nature and extent of diseases. This 
spring the agents gave considerable time toward increasing the acreage 
of beans by locating sources of good seed and helping the Farm Bureaus 
to distribute it and by spreading information on the best cultural methods 
by means of bulletins,. press articles and meetings particularly in sec- 
tions where bean growing had not been practised to any extent. 

Potato Grow ing and Standardizing Demonstrations: The potato pro- 
ject conducted in cooperation with the Department of Botany and Horti- 
culture through Mr. C. W. Waid has become well established in the state 
and very encouraging progress has been made with it this year, all of the 
counties reporting work on practically every phase of this important pro- 
ject. Growers are working more in groups and associations, and by this 
method varieties are being reduced to one or two of a standard commer- 
cial type; better cultural methods are being adopted, diseases controlled, 
and the way prepared for successful marketing through communities hav. 
ing car lots of standard varieties more uniform i in size and freer from dis- 
eases. This community action is also doing much toward advertising the 
product through exhibits and other channels. For the standard varieties 
in large quantities the growers are receiving from five to ten cents more 
per bushel. This in turn gives a greater incentive to continued seed selec- 
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tion which is being promoted by all the agents both by the hill selection 
method and by the tuber unit method; this group activity is also leading 
to a wider adoption of the treatment of seed, a closer study of methods of: 
planting to increase uniformity and yield, and a more general practice of 
spraying to control insect and fungous troubles. Fertilizer, seed-selection, 
seed-treatment, green-sprouting, and spraying demonstrations have been 
conducted by the agents and these are well distributed throughout the 
potato growing localities. Many field meetings have been held to give a 
general knowledge of the results of demonstration work. 

Barley: Ten counties report work on barley. This consisted of tests 
of varieties, including Michigan Winter, Oderbrucker and Wisconsin pedi- 
greed barley. Help was given the Farm Bureaus in securing and distrib- 
uting seed and an effort was made to increase the acreage; an increase of 
33% Was reported in Dickinson county and 45% in Ontonagon. 

Celery: Six counties report work with the growing and marketing of 
celery. Demonstrations for the control of blight were conducted in five 
counties and the results made known to as many growers as possible; in 
Muskegon county 40 men bought sprayers and arranged to buy blue- 
vitriol cooperatively. 


FRUIT. 


In twenty-two counties work with fruit has been conducted by the 
agents in cooperation with the Department of Horticulture, through Mr. 
J. H. Carmody. With the exception of that done in relation to marketing, 
the work has consisted largely of demonstrations, including those of prun- 
ing, spraying and grafting, of thinning fruit, making spray mixtures, con- 
trolling cut worms, and repairing injury done by mice girdling trees. In- 
spection of orchards has been carried on in seventeen counties. Control of 
insect and fungous troubles have required more attention than any other 
problems in fruit growing; warnings of conditions favorable to the de- 
velopment of such injury or of the presence of such troubles, were given 
by the agents through the press and at meetings. Farmers were assisted 
in orchard planting, in securing spray materials, in preparing the mix- 
tures, in selecting and starting sprayers, and advised regarding time of 
spraying. 

(See Exhibits and Marketing, also.) 


CONTROL OF INSECTS. 


In addition to the work for control of insects injurious to fruit, 13 
counties in cooperation with the Department of Entomology have inves- 
tigated and identified insects attacking crops and gardens, and advised 
measures for their control; these have included the Colorado beetle, the 
aphis on potatoes, wire worms, cut worms, melon insects, cabbage worms, 
weevils in stored wheat, and, in a number of instances, attacks of insects 
less well known. 

CONTROL OF PLANT DISEASES. 


In cooperation with the Department of Botany, this project with its 
three divisions of control of bean blight, of celery diseases and of grain 
smuts, has been forwarded as follows: 18 counties report treatment of 
wheat and oats for smut. Efforts will be made to make the practice gen- 
eral this fall and next spring in the counties growing ‘these grains. 
County Agent Smith of Kent became interested in the new concentrated 
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formaldehyde method originated by Mr. H. J. Haskell of Cornell Univer- 
sity, and included it in a circular on wheat smut to the farmers of his 
county. It has been used successfully in Kent and other counties and 
on account of its simplicity is liked by the farmers. The method has 
been tested for both wheat and oats in the Botany Laboratory and has 
been recommended by the department for treatment of these grains. 
Nine counties report work in control of bean diseases. In five of the six 
counties growing celery, demonstrations for the control of blight have 
been conducted. The results circulated, and the practices recommended 
have been adopted quite extensively. Assistance has been given in con- 
trolling diseases of onions, tomatoes and cabbage. 
{See Farm Crops, also.) 


LIVE STOCK. 


Much has been done toward the improvement of live stock in coopera- 
tion with the live stock Extension Specialists, Mr. W. F. Raven and Mr. 
J. A. Waldron. Twenty-three community breeders’ associations were 
formed in thirteen counties; seven cow testing associations have been 
organized and one reorganized. Feeding demonstrations were conducted 
in six counties. Balanced rations have been computed for many farmers. 
In work with cattle, 216 pure bred sires were purchased and about 
twelve were exchanged. Some of the purchases were made by individ- 
uals who had been interested by the agent, the latter usually making 
the selection of the animal; some purchases were made cooperatively 
through a breeders’ association; others were made through credit asso- 
elations in cooperation with the local banks. 

In cooperation with the County School Commissioner and a local bank 
the agent in Cheboygan county outlined a project for live stock work 
among boys and girls. Through this cooperation the bank shipped in 
one carload of pure bred and grade Holstein heifers and distributed them 
among the boys and girls of the northern end of the county. 

In Dickinson county, through the associations and by means of the 
agent interesting individual farmers through visits relating to live stock 
work, 15 pure bred sires were placed in the county; in Gogebic county 
ten were brought in in the same manner. 

In Houghton county a survey of one section of the county taken in 
March, 1917, showed that the number of dairy cows had been doubled in 
three years. Estimates based on this survey and on those of two other 
localities would indicate that there had been an increase of more than — 
80% in the number of dairy cattle in the county in the last three years. 

A live stock directory for Iron county issued in October, 1916, con- 
tains these significant results for three years’ work: nine breeders’ asso- 
ciations organized; 40 pure bred sires and 42 pure bred cows added to 
the live stock of the county; Guernseys, Holsteins, Jerseys and Ayr- 
shires are the breeds adopted. Four pure bred sires and three pure bred 
cows were added this year, and three sires were exchanged. About 70% of 
the farmers are now interested in pure bred sires; three years ago, only 
2% were interested. ; 

In Marquette county a live stock census was taker. In continuation 
of the plans for live stock improvement inaugurated last year, seven 
pure bred sires and two pure bred cows were placed by the agent. 

In Mason county the Ludington State Bank takes a note from the in- 
dividual or group, at 4%, with practically no time limit; since January 
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1 by means of this credit, there have been brought into the county 22 
registered Shorthorn sires, 22 registered Shorthorn heifers, and 9 regis- 
tered Holstein heifers; previous to this time, the total number of Short- 
horn sires in the county was 10, and Shorthorn cows 6. 

In Menominee county in April, 1916, about 60 men formed an asso- 
ciation which enables farmers to buy good stock advantageously for cash, 
or on time payments. Those wishing to purchase high grade or pure 
bred Holstein or Jersey cattle may borrow money from the banks; the 
payment of this is guaranteed by the association; the purchaser gives a 
note secured by chattel mortgage; the notes bear 6% interest, and are 
payable in eight equal quarterly installments. As a result 11 pure bred 
sires, 13 pure bred cows, about 60 grade cows, and 35 calves for calf club 
members have been brought into the county. 

In Newaygo county a plan for calf clubs was worked out in coopera- 
tion with a committee representing the banks of Grant, Fremont and 
White Cloud in February, 1917, both dairy and beef calf clubs are in- 
cluded. Shorthorns for the beef and Guernseys for the dairy breed; the 
clubs are to be promoted through the Farm Bureau and the Boys’ and 
Girls’ Club work of the College. Every boy or girl who wishes to under- 
take the project, may enroll in one of the clubs. Each club member may 
purchase two calves, must decide upon the breed desired and indicate 
through what bank the contract is to be handled; a contract and a note 
for the value of a pure bred calf is then signed; the banks provide the 
cash for the purchase of the calves and the committee specifies the time 
at which the notes are to be paid. After all applications are in, the 
calves are to be purchased and distributed by lot among the club mem- 
bers. A carload of registered Shorthorn cattle, 14 sires and 18 heifers, 
was purchased by the Farm Bureau in Ontario, Canada, in April, and 
half the car load was distributed to club members in accordance with the 
above plan. , 

In Ontonagon county early in 1917 there were 31 registered Holstein 
sires, two registered Jerseys and three registered Guernseys, or in all 36 
pure bred dairy sires, well distributed over the county; also one herd of 
registered Shorthorns, one of Polled Durhams, three Shorthorns and one 
Hereford sires. Of these about 12 have been placed since July 1, 1916. 
One of the pieces of live stock work done by the agent has been the man- 
agement of the dairy herd on the County Farm. Accurate records are 
being made, and all feed costs, and the returns for expenditures made for 
feed, figured. 

An exceptional piece of work is that being done in Wexford county 
where at a Farm Bureau meeting, December 11, 1916, Mr. Wm. L. Saun- 
ders offered to pay the difference involved in replacing every scrub or 
grade sire in the county with a registered one, the choice to be confined 
to Shorthorns or Holsteins and the purchases to be made through the 
Farm Bureau; the County Agent has given much attention to the pro- 
ject and thus far the purchase of 46 pure bred Shorthorn sires has been 
made possible by this generous offer; in addition 13 Shorthorn heifers 
have been purchased by the farmers. 

In cooperation with the State Live Stock Sanitary Commission and 
the Bureau of Animal Industry of the U. S. Department of Agriculture, 
work for the control of transmissible animal diseases has been continued. 
Fifteen counties report visits from single calls in Marquette, Menominee, 
Muskegon and Ontonagon counties, through several in Ottawa, Allegan 
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Kent, Saginaw, St. Clair and Schoolcraft, to almost daily investigation 
at times in the counties where cholera had been pre ralent earlier,— 
Branch, Kalamazoo, Lenawee, St. Joseph, and also Van Buren; in Lena- 
wee county, the agent gave parts of 112 days, to the work. A total of 77 
cases in thirteen counties has been reported this year, with no extended, 
outbreak in any locality. The value of community action has been dem- 
onstrated by the results of this year’s work. In all of the counties where 
the work has been carried on for the past two or three years it is stated 
that reports of outbreaks are now made promptly to the County Agent 
and that almost without exception he and the veterinarians find the 
parties involved willing to cooperate in treatment of herds, disinfection 
of premises and in establishing and maintaining quarantines. Two cases 
of tuberculoisis among hogs were found. Among cattle eleven herds and 
245 individuals were ‘tested for tuberculosis ; two herds and 35 individ- 
uals were found affected and were killed. Two outbreaks of hemorrhagic 
septicaemia have occurred but no spread of the disease followed. Five 
counties conducted work for the control of contagious abortion. 


POULTRY. 


Twelve counties report work with poultry. In cooperation with the 
Poultry department plants were inspected; assistance was given in the 
selection and purchase of poultry; in making plans for poultry houses 
and ventilating systems; in setting up incubators and starting farmers 
in the use of them; in the formation of poultry clubs; in feeding prob- 
lems; in control of diseases and in marketing of eggs. In Iron ‘county 
a local bank agreed to assist in financing pure oe poultry work for 
clubs. In Menominee and Marquette counties egg producers’ associa- 
tions were formed; in the latter four poultry meetings were held. 
The high price of eggs has caused an interest in the poultry industry. In 
Manistee county a poultry show was held; this revived interest in the 
county association and monthly meetings were planned. 


FARM MECHANICS. 


Many requests for assistance in farm engineering problems have come 
to the agents. In fifteen counties in cooperation with the Department 
of Farm Mechanics, much assistance has been given in selecting suitable 
sites for farm buildings; in planning twenty- two general purpose barns; 
ten dairy barns; one beef feeding barn; two milk houses; six silos; in 
planning and inst: alling two hydraulic 1 rams; in estimating cost of ma- 
terials for various improvements; and in selecting barn equipment. The 
agents have emphasized the importance of good housing conditions for 
stock ; as a result they have been éalled upon to assist in remodeling 
several barns and in planning thirty ventilating systems. In a few cases 
they have taken prospective builders to see modern batns. Dickinson, 
Gogebic, Houghton, Ontonagon and Schoolcraft counties have given much 
attention to plans for barn buildings. In Schoolcraft county where a 
number of farmers are contemplating the buildiag of barns, the agent 
built a small model of the braced rafter construction; this proved to 
be of real interest and led to several requests for plans and lists of ma- 
terials. In Kent county the agent assisted in working out floor plans 
for a barn which is to serve as a demonstration. 

Demonstrations of improvements in farm homes have been conducted 
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in six counties; two lighting, several water supply, and twenty-five septic 
tank systems have been installed. 


FARM MANAGEMENT DEMONSTRATIONS. 


As indicated in last year’s report the tendency in Farm Management 
Demonstration work has been to put more emphasis upon the value of 
keeping accounts. At the annual conference the Farm Management pro- 
ject was modified to make this possible. The report of Mr. Karl H. Mc- 
Donel, Assistant Demonstrator, shows that in cooperation with the 
County Agents in sixteen counties 727 account books have been placed 
this year; at the close of 1916 ninety-three books were returned to the 
demonstrators who summarized them and reported to the owners their 
labor income for the year, with tables making it possible for each farmer 
to compare his results with those of other farmers of the same area. The 
County Agent is then in better position to suggest changes in the farm 
management of each area and to give assistance where it is requested. 
In addition to the work relating to accounting 352 farm records were 
taken; the first year’s demonstration was completed in Mason, St. Clair 
and St. Joseph counties, the second year’s demonstration in Branch, 
Newaygo and Saginaw counties. The work was explained at 129 meet- 
ings with an attendance of 2,744. Mr. C. P. Reed, Farm Management 
Demonstrator, resigned May 15; Mr. McDonel continued the work until 
June 30; and Mr. Charles H. Graves has been appointed Farm Manage- 
ment Demonstrator to begin work September 1. The work will be con- 
tinued in cooperation with the County Agents as outlined at the annual 
conference. 


BOYS’ AND GIRLS’ CLUBS. 


In cooperation with the agents in twenty-five counties the Club Lead- 
ers have organized 224 Boys’ and Girls’ Clubs with an enrollment of 
about 5,000; Kent county with 1,650 members and Saginaw with 1,580 
have the largest enrollments. The clubs include bean, corn, potato, gar- 
den, poultry, pig, farm accounting and stock judging clubs for the boys, 
and baking, canning and garment making clubs for the girls. One hun- 
dred twenty-eight meetings with an attendance of 3,814, have been held; 
12 demonstrations of club work have been given; 36 exhibits of club 
products, eight club fairs and two club round-ups have been held. In 
September, 1916, Kent county reported that 266 boys had completed the 
garden project and produced a net profit of $844. Twenty-two garden 
clubs exhibited their products, each in its own community, but all on the 
same day. The results for this year will greatly exceed those of last. As 
a fitting close for the year’s club work, a Club Day was held at Grand 
Rapids, December 16, when the total attendance of members, parents, 
and club leaders was 310, and where the spirit was the best that had yet 
been manifested toward the work. In Allegan county, a Round-Up at 
which a play demonstration and a canning demonstration were given, 
was held in November; 250 rural pupils and teachers attended. In Mar- 
quette county, thirty potato club members completed their project, made 
exhibits of their potatoes; many of these exhibits were sent to the State 
Potato Show at Escanaba. In Saginaw county the four exhibits of club 
products included dozens of garments; canned goods, beans, poultry and 


pigs. 
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GARDENING. 


On account of the national food situation, there has been an unusual 
interest in gardening this season. Seventeen counties report work on 
this project. In some localities, all vacant land and vacant city lots 
have been turned into garden plots; 5,871 acres have been reported as so 
used; this is especially noticeable in Alpena, Dickinson, Marquette, Ot- 
tawa, and Presque Isle counties; In Houghton county the gardens have 
increased in size as well as in numbers; in ee the Boy Scouts have 
been caring for an acre; in Manistee, over 220 acres out ‘of town have 
been devoted to gardens; in St. Clair 350 acres are in gardens tended by 
boys and girls; in Kent where 5,400 acres have been used for g gardens there 
is an increase over last year of 250% in number and of 280% in acreage. 
The garden project has been financed in various ways. Land, seed, and 

care have been donated in some counties; in some loans were obtained, 
while in others appropriations have been made for the purchase of seeds 
or other supplies. Twelve thousand six hundred dollars has been given 
for use in garden work, in Houghton county, over $600 has been pledged 
by school boards and civic clubs; in Manistee $4,000 has been raised by 
the Manistee Board of Commerce; in St. Clair $8,000 has been raised, 
$1,000 of which was given by a factory owner for rent of land for boys’ 
and girls’ gardens. 

HOME ECONOMICS. 


In cooperation with the Division of Home Economics, 25 counties have 
forwarded this project by means of demonstrations and lectures; 129 
demonstrations with an attendance of 3 3,931 and 120 lectures with an at- 
tendance of 3,897, were given; in addition 16 talks and 17 demonstrations 
relating to child welfare work were held. In furtherance of the food 
conservation policy 107 canning demonstrations were given in nineteen 
counties. Plans have been made to reach practically all sections in many 
of the counties, with these demonstrations during July and August, and 
local demonstrators are now being trained. 

Miss Ilena M. Bailey, Home Demonstration Agent of the United States 
Department of Agriculture, who has been located in St. Joseph county for 
the last fifteen months concluded her work on June 30th. During the 
time she was in Michigan she started and developed the girls’ club work, 
assisted in the organization of several home economics clubs, and helped 
a number of other women’s clubs to work out programs on home econo- 
mics subjects. She conducted one-week schools in home economics, gen- 
eral women’s institute meetings, numerous canning demonstrations and 
made a survey of more than a hundred farm homes to determine the 
needs of farm women which can be met by extension workers of the Col- 
lege and department. Miss Bailey has also been interested in many 
lines of miscellaneous work which will be of value to the women of St. 
Joseph county. 


EXHIBITS AND FAIRS. 


The results of the demonstration work in the counties have been given 
wider circulation through exhibits at the county fairs, at the Michigan 
State Fair at Detroit, at the West Michigan State Fair at Grand Rapids,. 
at the Northern Michigan Agricultural Congresses at Cadillac and Lud- 
ington, at the State Potato Show at Escanaba, and at various local meet- 
ings. The policy followed in all of these exhibits has been to make them 
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educative in character. In 24 counties one or more exhibits of the re- 
sults of demonstrations, or of the county’s products, have been made, a 
total of 84 in all. Farm Bureaus have taken advantage of the opportun- 
ity to reach large numbers of people through local fairs. Exhibits have 
been arranged and the County Agents and assistants have been present 
to explain the work, to answer questions and to distribute bulletins and 
circulars. Some of the results that have thus been brought to the atten- 
tion of a larger number of people have been those of soil testing, seed 
testing and treatment, the work of the crop improvement association, 
tuberculin testing, testing of milk for butter fat; while some of the crop 
exhibits made have included grains from demonstration plots; grasses 
and clovers; and vegetables. Exhibits of live stock and stock judging by 
teams from boys’ and girls’ clubs were featured at a number of local 
fairs. Six counties held exhibits of club work. (See Boys’ and Girls’ 
Clubs also.) County and local potato exhibits were held in five coun- 
ties; Dickinson, Kent, Newaygo, Schoolcraft and Wexford; Ontonagon 
sent an exhibit to the Chicago Land Show. Exhibits of fruit were made 
by Berrien county at the State Fair at Detroit and at the Benton Har- 
bor Fruit Festival; by Kent county at the State Horticultural meeting 
at Grand Rapids; by Mason county at the West Michigan State Fair 
and the West Michigan Apple Show at Ludington; by Menominee county 
at both the Stephenson Fair and the Horticultural Show at East Lan- 
sing; by Muskegon county at the Fruitland Township Community Fair 
and the West Michigan Apple Show; by Newaygo county at the Fremont 
and Grant Community Fairs, and at Ludington; and by Ontonagon 
county at Kast Lansing. 


MARKETING. 


Twenty-one counties, cooperating with the Office of Markets, report 
work on marketing, including either buying or selling or both. In this 
the agents have assisted by issuing exchange lists for their own counties 
and by putting farmers in touch with Farm Bureaus in Michigan and 
other states and with federal sources of information as to supply, de- 
mand and prices; by securing the interest of groups in forming associa- 
tions and arranging meetings through which the methods and details of 
such organizations were discussed by specialists in marketing from the 
College or the department. 

The following associations for cooperative marketing have been formed : 
Two associations for the marketing of hay in St. Clair county, now under 
one management; eight milk producers’ associations, two in Berrien 
county, one in Branch, one in Kent, one in-Muskegon, one in Saginaw, 
and two in St. Clair; four fruit growers’ associations, one in Allegan 
county and three in Berrien; celery growers’ associations in Muskegon 
and Ottawa counties, now cooperating in the marketing of their prod- 
uct; one sugar beet growers’ association in Saginaw county and two in 
St. Clair; a cabbage growers’ association in Branch county and a truck 
growers’ association in Ottawa; egg selling associations in Marquette 
and Menominee counties; five live stock shipping associations; six fruit 

associations were reorganized, three in Van Buren and three in Berrien. 
A cooperative association was organized in Alpena county to enable 
farmers to sell their products in carlots and to buy supplies such as 
spraying materials, binder twine and coal. In Ottawa county a coopera- 
tive elevator company was organized. Community breeders’ associa- 
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tions and live stock credit associations have purchased pedigreed sires 
and also pedigreed and high grade cows; in addition to this, special plans 
for purchasing live stock direc tly through the Farm Bureaus have given 
excellent results. (See Live Stock, also.) 

The buying and selling activities have included a wide range of items, 
such as fertilizers and lime; seeds of all kinds; pure bred and. high grade 
live stock; hay and other feeds; wool; milk, butter, cheese and eggs; 
peaches, apples, berries, and orapes: potatoes, beans, cabbage, and cel- 
ery; and spraying materials. In Saginaw county two carloads of dairy 
feed were purchased and in St. Clair county three carloads, with a sav- 
ing of about $6 per ton in each county. 

A large amount of buying and selling of potatoes has been done 
through the Farm Bureaus. The basis for this work has been the stand- 
ardizing of varieties and the control of diseases. The unusual demand 
for seed together with scarcity and high prices greatly increased the 
activities of the Farm Bureaus this season in the distribution of po- 
tatoes for seed. 
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WINTER MEETINGS FOR DISCUSSING RESULTS AND MAKING PLANS. 


The following table gives a statistical statement of the winter meet- 
ings: 
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The policy adopted by the County Agent Conference in June, 1916, 
viz., that the work of the institutes in counties having agents should be 
so outlined that it would contribute directly to the agricultural program 
of the county and to certain definite projects continuing through the year 
or until satisfactory results are obtained, was very generally followed. 
The projects outlined at the Conference in November were adapted by 
the agents to the varied needs of their counties and communities and the 
work was organized through committees so as to make the execution of 
the plans effective and thorough. These projects were then discussed, out- 
lined, and adopted at the institutes, extension schools and the special 
community meetings. At such meetings and conferences the demon- 
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strators were secured, and the orders were placed for the materials 
needed in making many of the demonstrations, such as seeds, lime, tile, 
and fertilizer. The meetings also furnished the opportunity for the for- 
mation of cow testing associations, community breeders’ associations, 
boys’ and girls’ clubs, the placing of farm accounts books, and for plan- 
ning home improvements. 


FOOD EMERGENCY WORK. 


To meet the food emergency situation which developed as a conse- 
quence of the entrance of our country into war, surveys were made to de- 
termine the needs of the counties; the outstanding problems which pre- 
sented themselves at once were those of finance, seed and labor. In finane- 
ing the increased operations in agriculture, boards of supervisors and 
banks gave great assistance. In Alpena county the Board of Supervisors 
appropriated $10,000 for the purchase and distribution of seed and in 
Cheboygan $3,000; in Van Buren county the Board of Supervisors guar- 
anteed the loans made by the banks to farmers for purchase of seeds. 
Banks in Delta, Mason, Houghton, Menominee, Newaygo, Saginaw, Wex- 
ford, and Chippewa counties extended credit to farmers for purchase of 
seed; the Cadillac State Bank in: Wexford county advanced seed for 
bean plots on condition that the seed be paid for from the sale of the 
crop; in Chippewa county, banks advanced money for seed to farmers on 
notes without interest; and in Alpena county, a local bank, gave $10,000 
for purchase of seed; in Cheboygan county, farmers worthy of credit 
will be given until December 1, 1917, to pay for seed and will be charged 
no interest, while in Marquette county bankers decided to extend credit 
to farmers until November 15, without interest. 

Several large mining companies in Houghton county arranged to fence 
and plow old pastures at their own expense for use of their employees. 
Large factory owners in St. Clair county turned over $1,000 for boys’ 
and girls’ gardens. In Schoolcraft county the agent was placed in 
charge of a fund of 46,000. to be used in financing the farmers who needed 
this help in procuring seed. Quantities of seeds were distributed to 
farmers in Cheboygan, Chippewa, Delta, Dickinson, Houghton, Lenawee, 
Manistee, Mason, Menominee, Newaygo, Ontonagon, Ottawa, Schoolcraft, 
St. Clair, St. Joseph, Van Buren and Wexford counties through the Farm 
Bureaus in cooperation with other interested agencies in the county; 
this location and distribution of seed greatly facilitated the spring seed- 
ing. In Manistee county 120 acres from the golf course were given to the 
Boy Scouts for raising beans; the Manistee Board of Commerce raised 
$4,000 to carry on this work. 

Nearly all of the counties report assistance given in securing labor. 
Some counties were able to supply the necessary labor locally. In coun- 
ties having large cities and in those adjacent to large cities it has been 
possible to meet the labor needs satisfactorily. This is illustrated by 
the work done in Kent county; through the Farm Bureau cooperating 
with the Association of Commerce, the Board of Education and the 
Grand Rapids News in Grand Rapids, and with the Farm Bureaus of 
adjoining counties, men and boys were secured for farms in Kent, Alle- 
gan, Newaygo and Ottawa counties; in this way 102 men and 281 boys 
were secured to help on farms. In Lenawee, St. Clair and Wayne coun- 
ties, considerable help was obtained from Detroit. In Lenawee county 
30 men were secured for farmers. In St. Clair county 108 men were 
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placed on farms; reports to the County Agent indicate that over 50% 
of this help was very satisfactory. 


CONFERENCES. 


During the year five conferences were held for planning the work. 
Two of these were held at the College and three in the Upper Peninsula. 
Reference was made at the beginning of this report to the work of the 
Annual Conference at the College, November 20-24. One of the confer- 
ences of the Upper Peninsula was given to all the projects of that sec- 
tion, the other two considered special problems; one relating chiefly to 
live stock and the other to methods of forming and conducting national 
Farm Loan Associations. 


FIELD WORK OF ASSISTANT STATE LEADERS AND STATE LEADER. 


Th field work of the State Leader and the Assistant State Leaders 
has been largely as follows: 


a. Explanation of County Agricultural Agent work in counties not 
having agents and assisting in organizing such counties for Farm Bureau 
work and in selecting agents. 

b. Helping in the further development of Farm Bureau organiza- 
tions in counties having agents. 

e. Conferences with County Agents and Farm Bureau officers in re- 
gard to state, county and community projects and methods of putting 
these into effect. 

d. Attending meetings in the counties to assist in forwarding some 
particular project. 

e. Studying the methods and results of the work in the different 
counties for the purpose of giving to new counties the benefits of ex- 
perience in the different phases of County Agent work. 


Mr. J. W. Weston was appointed Assistant State Leader for the Up- 
per Peninsula, November 1, 1916. Mr. Weston has made 31 visits to 
counties having agents and 34 visits to counties without agents. He 
helped to conduct 73 meetings with a total attendance of 3365. 

Mr. C. B. Cook, Assistant State Leader, has made 67 visits to coun- 
ties having agents and 48 to counties without agents. In doing -this 
work he has addressed 157 meetings with a total attendance of 14,470. 

In field work the State Leader has made 66 visits to counties having 
agents and 40 visits to those without agents. In this work he has ad- 
dressed 96 meetings with a total attendance of 12,814. 

In closing this report the State Leader wishes to call special atten- 
tion to the fact that the County Agricultural Agent movement is es- 
sentially a cooperative one. Its success depends entirely upon the de- 
gree of concerted action that can be attained on the part of the people 
of the county, and of the representatives of the Agricultural College and 
of the United States Department of Agriculture. The County Agricul- 
tural Agent’s functions are many but he is primarily an organizer and 
a coordinator of the activities of those concerned with the agricultural 
development of his county. The results outlined in this report have 
been achieved because many men, women, boys and girls have worked 
toward the common end of making agriculture more profitable and 
country life more satisfying and attractive. It would be a pleasure to 
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give personal recognition in this report to all those who have helped to 
make this work successful but that is impossible. In all the counties 
there are public spirited men and women giving time, energy and 
thought to this movement without financial compensation and they are 
rendering a great service to agriculture. The different departments at 
the College have always given willingly all the assistance possible and 
the Department of Agriculture has brought to our state the value of its 
experience in the broader field and has helped to inject into our work 
more of the national point of view and a keener consciousness of the na- 
tional aspects of agriculture. 
Kast Lansing, June 30, 1917. 


REPORT OF EXTENSION SCHOOLS. 


BY R. J. BALDWIN. 


Iixtension Schools were held during the winter months from Novem- 
ber Ist to March 15th. The school programs began Tuesday and con- 
tinued for four days rather than five as in former years. The majority 
of places visited were in counties having agricultural agents who as- 
sisted in the instruction given, and planned local arrangements. 

Courses for the week were made up of eight lectures and demonstra- 
tions by each of two instructors. The courses offered were as follows: 


Farm Crops. Dairy Husbandry. 

Soils. Animal Husbandry. 
Horticulture. Farm Engineering. 

Farm Management. Home Economics, 1st year. 
Farm Bookkeeping. Home Economics, 2nd year. 


Insect Pests. 


The special assistance of Wm. Murphy in soils, C. M. Kidman in farm 
management, and Ashley Berridge in dairy husbandry was secured for 
the winter season as extension school instructors. 

The following tables summarize the agricultural and home economics 
extension schools of the year: 
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ALS ATINCRR me. es Stet a. Wetee eals 52 380 LO) | Sidi: Soils, Feeds and Feeding, Live Stock. 
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1s3ee 12h ibe aie es ae eee i Soe eee 38 50 18 | 1st...| Feeds and Feeding, Farm Crops, Soils. 
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Gadus sree tae ne clesee 24 31 16 | 2nd Soils, Crops, Farm Met. 
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Coopersville... sae 30 47 16 | 2nd..| Soils, Crops, Feeds and Feeding. 
MUD LTA ieee oat Ak Neto ale ts efi 25 USI este Soils, Crops and Farm Met. 
IDEN me cao.o aoe todas 31 46 12 | 3rd..| Feeds and Feeding, Crops, Farm Mgt. 
BIECTAITEG Stes eta eniate cs ee 60 85 Ol sts Feeds and Feeding, Soils, Crops 
(potatoes). 
AD ye1s) 016) eet ee a a 90 24 16 | Ist. Farm Met., House. Eng., Crops. 
Fennville (Ganges)........... 42 104 16 | ist. Farm Megt., Dairying, Soils. 
Greenville ao Say tee oe 44 65 16 | Ist. Crops, Soils, House. Eng., Potato 
: ; Diseases. 
Head yo ok Sid aoe 30 47 14 | Ist...| Soils, Feeds and Feeding, Farm Met. 
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EtIGSOn= =, = her hine at eee eee 30 80 TS (Piet Soils, Farm Mgt., Dairying, Crops, 
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MOnTOGR SS AiR aars ea ie tios 6 22 50 11 | 2nd..| Horticulture, Crops. 
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Onekamakwsst pisces es: ot 26 75 14 | Ist. Fruit, Miscellaneous Agr’l Crops. 
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RUC Vetere str e one ha eee eee 30 42 12 | 3rd..| Feeds and Feeding, Farm Mgt. 
ROCK LONG So's co crayons e Sek ce eee 35 100 16 | Ist. House Eng., Potato Diseases. 
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ECs Ansonia NOON he eee 23 28 16 | 2nd..| Farm Met., Insect Control, Soils, Crops. 
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: tion. 
SDEMNE MOLE avast oie tease 20 30 12 | 1st...| House. Eng., Soils, Animal Husbandry. 
South Mavens fac: ste at oe See 28 51 12 | Ist...| Poultry, Soils, Inseet Control. 
hires (Oaks here gets eee eh 29 43 16 | 2nd..| Horticulture, Dairying. 
SPHmeCe RIVEER pee tenes re oe 33 75 12 | 3rd..| Small Fruits, Poultry, Farm Mgt. 
Raymouthia. ben .ce eo ose 8 12 5 | 1st. Soils and Crops, Farm Megt., Soils. 
Vesa DUTP) er acto ee eee 14 30 12 | Ist. Feeds and Feeding, Crops, Soils. _ 
WACTONY: WiDr. san kas oe ek 30 43 15 | Ist. Soils, Farm Megt., Crops, Dairying. 
WEIS CAEN eri ctie ni: tates teas 14 27 1G” est: Soils, Dairying. 
otal tay. ser octet. aia ee 2,849 (3,731 801 
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Charlottes: cis. sitive. aeninc slates © eae 157 310 10 | 2nd..| Second year school. 
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IDOI SaaS hts oe REEOe ERE Oe mean Eee 16 37 10 | Ist...| First year school. 
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Montarieinyiet. ds mmieak? chelines. Bess 16 32 10 | ist...| First year school. 
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Motel AL atc he Lees ne ok See 1,236 |2,205 312 


East Lansing, June 30, 1917. 


REPORT OF JUNIOR EXTENSION WORK. 


BY E. C. LINDEMANN. 


The accomplishments and progress in Junior Extension work for the 
year may be reviewed under the following headings: 

Enrollments: The enrollments for club membership are taken dur- 
ing the winter and spring months. For the season of 1915-16 the total 
enrollment for the state was 5920. These children were members of 
394 clubs located in 54 counties. The enrollment for the season of 
1916-17 is 27,654. The increased enrollment is no doubt due in a large 
measure to renewed interest in gardening as a result of the war. There 
are now 61 counties organized with 682 clubs. 
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Leadership: As the enrollments increase there are greater demands 
for supervision. It has been my policy to keep the size of the enroll- 
ment in proportion to the available leadership. The state staff now con- 
sists of the following persons: 
leery (ue 

E. C. Lindemann, State Club Leader. 
C. A. Spaulding, Assistant State Club Leader. 
Anna B. Cowles, State Club Leader for Girls. 
Barbara Van Heulen, *Assistant State Club Leader for Girls. 
R. N. Kebler, Assistant State Club Leader for Upper Peninsula. 
W. E. J. Edwards, *Specialist for Live Stock Clubs. 
Margaret Justin, *Home Economics Specialist in Upper Peninsula. 


von 
vee 


‘ 4} | | 
In addition to the state staff there are 36 employed club leaders in 
various counties of the state. There are 23 permanent County Agri- 
cultural Agents who assist in supervising clubs, and 6 of the temporary 
State Agents also assist. In 29 counties the Commissioner of Schools 
gives active assistance in organizing and supervising clubs. In 10 
counties the County Y. M. C. A. Secretary renders a similar service. In 
addition to those mentioned above who are giving some form of profes- 
sional leadership to this work there are 682 volunteer local leaders. 
Training for Leaders: State, district and county training schools are 
being conducted for the purpose of training leaders in the technique of 
club supervision. ‘To date there have been conducted 4 state training 
schools, 2 district training schools and 6 county training schools. Each 
of the State Normal Colleges also conducts a short course for the purpose 
of training teachers for this work. Approximately 500 persons have been 
reached through these schools. 


Projects: All of the projects of previous years are still being used 
and in addition the following new ones are being tried: 


Handicraft. 

Cow-testing. 

Calf raising. 
Mother-daughter canning. 


STATISTICAL SUMMARY OF THE PRESENT STATUS OF CLUB WORK. 


Club leadersron, Stave sStathies. Aas, ee i 
Paid~ Comey club: leaders stun Ls atest ass eee 36 
School Commissioners assisting ................. 29 
Permanent County Agricultural Agents assisting. . 23 
Temporary State. Agents assisuners) 226.022. ss 6 
County Y. M. C. A. Secretaries assisting.......... 10 
Volunteer “local leaders 2205. At Re te rer 682 
Number of “elulist Orennizedto sab is) sari waka, sle esta sie s 682 
Number of sequniies "oreamizeds sn aea 2.4). Saeko 61 
Nomber: of club smnvem bets: te ee oe. Behe ees he: 27,654 
Value of food products produced by club members, 

DING eps sre Gears kee ahd AED ae fre ap ee oe aie $26.468 . 22 


*Miss Van Heulen has a temporary appointment. 
*Mr. Edwards gives part time to this work. , 
*Miss Justin supervises the girls’ work for the Upper Peninsula. 
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*Costiof conducting clubcworkd9iG Jew ids ce ore $6,700.00 
*Funds raised by local communities for conducting 

col lio) Lf Gnesi: fe Or hea ee RRS Beer tye $9,000.00 
*Funds supplied by U. S. Department of Agriculture 

and Michigan Agricultural College, 1917........ $12,000.00 
State, district and county training schools held.... 12 
Projects being  conductedets fiiemn sane ce 6 ek ae 13 


East Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK IN FARM CROPS. 


BY J. W. NICOLSON. 


The greater part of the Extension work in Farm Crops has been de- 
voted to the pedigreed grain project. Three months in the winter were 
given over largely to extension school work where this project was taken 
up, together with outlines of best cultural methods, crop rotations, ete. 
The remainder of the year was spent in giving lectures and conducting 
demonstrations, supplemented by some farm visitation work. Consider- 
able office work has also been necessary to handle the correspondence con- 
nected with the inauguration of the pedigreed grain project as now out- 
lined. 

The Michigan Experiment Association was reorganized January 15, 
1916, and the name “The Michigan Crop Improvement Association” was 
adopted. There are now thirty-seven local associations with a member- 
ship of five hundred seventy-one, and there are three hundred thirty-one 
state members, making a total of nine hundred two. 

During the past year, cooperative tests were carried on with members 
of the association as follows: 


744 tested a peck of Red Rock Wheat. 
146 tested a peck of Rosen Rye. 
180 tested a peck of Winter Barley. 
1385 tested a half bushel of Pedigreed Oats. 
62 tested a half bushel of Spring Barley. 
184 tested 2 qt. samples of Corn. ‘ 
35 tested 2 qt. samples of Soy Beans. 
4 tested 2 qt. samples of Cow Peas. 
25 tested 1 pound of Grimm Alfalfa. 


During the fall of 1916, there was not enough Red Rock wheat to sup- 
ply the demand. Due to natural increase and the information given 
farmers on how to care for these grains, there will be enough seed of 
these valuable varieties to sow a great part of the acreage of the state 
this fall. 


*Wigures are approximate. 
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SUMMARY OF FARM VISITS AND MEETINGS OF EXTENSION SPECIALISTS. 


EMS a WISUUGRL hr meted cranes cosiene ve os crew ccke 181 
Demonstrations’ Heldh os ss sai. ss 20 attendance 461 
MECTUMERIMCCUIMON Pt. cats cae ss «os ee 40 attendance 1,652 
Extension schools conducted ...... 20 


East Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK IN LIVE STOCK. 


BY W. F.. RAVEN. 


The following associations were organized during the fiscal year 1916- 
OG: 


BREEDERS’ ASSOCIATIONS. 


Berrien County Holstein Breeders’ Association. 
Lenawee County, Jersey Breeders’ Association. 
Berrien County Guernsey Breeders’ Association. 
St. Clair County Jersey Breeders’ Association. 

Mason County Shorthorn Breeders’ Association. 


COMMUNITY BREEDERS’ ASSOCIATIONS. 


Ashland Shorthorn Association, 29 members, 3 sires. 
Schoolcraft Guernsey Association, 22 members, 3 sires. 
Cheboygan Holstein Association, 28 members, 5 sires. 
Skandia Holstein Association, 12 members, 5 sires. 
Yalmer Holstein Association, 18 members, 3 sires. 
Empire Shorthorn Association, 19 members, 3 sires. 
Richmond Guernsey Association. 


LIVE STOCK ASSOCIATIONS. 


Cloverland, Sheep Growers’ Association. 
Doster, Duroc-Jersey Swine Association. 
Cadillac, Cow Purchasing Association. 


Through the activities of the County Agents of Wexford county, Messrs. 
Zimmer and Piper, and the generosity of Wm. L. Saunders of Cadillac, 
Wexford county is rid, or nearly so, of grade and scrub bulls in service in 
that county. We believe this is the only county of like population in the 
United States that can show as good a record. 

Many of the Community Breeders’ Associations organized have ceased 
their activities as associations and do not hold association meetings. The 
members of these associations are using pure bred sires of the breed 
adopted by the association of which they were a member, with one ex- 
ception.—Barryton, Mecosta county. 


240 STATE BOARD OF AGRICULTURE. 


SUMMARY. 
No. Attendance. 
Baa) VISTAS. 96:5 5st pact ge ess wee 38 
Demonstration Meetings ............... 3 863 
Lecture Meetings «c55. nen een epee 37 2,363 
Extension -Schoolse.c0e... se cette dal. 


Kast Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK IN COW TESTING 
ASSOCIATIONS. 


BY J. A. WALDRON. 


The Cow Testing Association work has been carried on during the 
past year in cooperation with the Dairy division of the United States 
Department of Agriculture. 

The method of procedure has been to aid in the organization, reorgani- 
zation, and supervision of cow testing associations; to give instruction 
in the improvement, feeding and care of -dairy cattle in extension schools 
during the winter, and in other public gatherings throughout the year. 

July 1, 1916, there were ten cooperative cow testing associations in 
Michigan with a membership of 250 farmers owning 3,529 cows. The 
associations that have completed a year’s work since July 1, 1916, have 
been reorganized, with the exception of one division of the Allegan asso- 
ciation that has discontinued operations temporarily. 

Five new associations have been organized and have begun work since 
July 1, 1916. One association, the Saginaw Valley, which had been or- 
ganized prior to that date began work during the year. 

The following fifteen cooperative Cow Testing Associations were in 
operation in Michigan July 1, 1917: 


1—Newaygo County Cooperative Cow Testing Association. 
2—Kent County Cooperative Cow Testing Association. No. 1. 
3—Allegan County Cooperative Cow Testing Association. No. 1. 
4—St. Clair Co. Cooperative Cow Testing Association. No. 1. 
5—Lenawee County Cooperative Cow Testing Association. No. 1. 
6—Berrien County Cooperative Cow Testing Association. No. 1. 
7—Berrien County Cooperative Cow Testing Association. No. 2. 
8—Kalamazoo Co. Cooperative Cow Testing Association. No. 1. 
9—South Ottawa Co. Cooperative Cow Testing Association. 

_ 10—Lenawee County Cooperative Cow Testing Association. No. 2. 
11—1st Cloverland Cooperative Cow Testing Asso. (Menominee Co.) 
12—St. Joseph County Cooperative Cow Testing Association. 

3—Van Buren Co. Cooperative Cow Testing Association. No. 1. 
14—-Saginaw Valley Cooperative Cow Testing Association. No. 1. 
15—Branch County Cooperative Cow Testing Association. No. 1. 


All of the associations had a full membership and were on a sound 
financial basis. There were in these fifteen associations, July 1, 1917, 
408 farmers cooperating, with 5,642 cows on test. 
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Great assistance was given this work during the year by the loyal and 
hearty support of the County Agents in whose counties cow testing as- 
sociations were located. In many cases they have made possible the or- 
ganization of an association. They have, without exception, aided by 
giving the work publicity, directing the organization campaign, and 
supervising the work after the association began work. The work of 
these men has been an invaluable aid to this project. 

It has seemed more important to reorganize and keep active the old 
associations than it has been to organize new associations. The reason 
for this is that greater benefits are derived from the work when it is con- 
tinued from year to year than when it runs but one year and is discon- 
tinued. A large part of the time, consequently, has been spent in reor- 
ganization work and in supervising the associations already in opera- 
tion. It is believed greater service can be rendered by making the old 
organizations more efficient than by organizing new ones. In accord- 
ance with this plan Clarence D. Cook was made a member of the staff 
July 1, 1917, and placed in charge of twelve associations. He will give 
them the necessary supervision to keep them in active operation and will 
aid in carrying out plans for making their work still more effective. 

Extension Schools: Instruction was given in fourteen extension 
schools by the Extension Specialist in Dairying, beginning December 5, 
1916, and ending March 16, 1917. 


Lotal number enrolled 257.2 sj. bss a6 3 2 ase tne 1159 
Petal number of: lectures :PIVeH = ies oes eves ween. ss 97 
Total number judging demonstrations given........ 12 


The following table gives a brief summary of the field work of the Ex- 
tension Specialist in Dairying, other than in extension schools, from 
July 1, 1916, to July 1, 1917: 


. ae ae Attendance 

Class. ppt Attendance. eee | at meetings 

| addressed. 

! 

Conventions: i State™ >. cae oe ses sO 2 Pee DOO eae os ca lAeae oie afet ene rerecray tee 
Local: Cow Testing Association.......... 23 887 22 587 
Local: Breeders’ and Dairy Association... . Diy | ane ee et oe 2, 60 
Rocal-g '@reamery pore teen ce ee 1 aa ee eae ie Veal 75 
ocale ss MarkebeViilkeyss.2 oe spines ace ASE Sopaate eines i 150 
locals. General*Farmers:.. 3. bads-% foo 19 2,889 | 18 889 
Mocals Barmers” Institutes. 52s... eee tT ba a ae ee 1 190 
Demonstrations: Judging................ Se ee age ate cic 3 | 241 
(Patras whocals sos re ce oe oe ee ok POL eee ee [ena eye as ps oe aie hep 2 
Contests: Stock Judging................. 1 Dae cope Se tac et ee ee hee ees 
RATA VARIES 95: Wel dose ee te ee Fee BOOM ie ener ateketece ae cecctctcnsa ter ace eel ca Seber tere ye ele mounts 


East Lansing, Mich., June 30, 1917. 
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REPORT OF EXTENSION WORK IN HORTICULTURE. 


BY J. H. CARMODY. 


At the beginning of the fiscal year, July 1, 1916, a definite horticul- 
tural project was outlined to be followed out as closely as possible dur- 
ing the ensuing year. The following project was outlined in accordance 
with the provisions of the Smith-Lever Act: 


Section 1. To demonstrate the proper methods of pruning apples, 
peaches, plums, grapes and other fruits at the proper season. 

Section 2. To demonstrate the advantages (1) of using standard 
contact insecticides, (2) of spraying peaches at the proper season for 
Curl Leaf, (8) of summer sprays for the control of fungous disease in 
orchards and small fruit plantings. 

Section 3. To demonstrate proper methods of grafting and top work- 
ing orchards. 

Section 4. To demonstrate the proper methods and advantages of 
thinning fruits. 

Section 5. To demonstrate the proper use of cover crops in orchard 
practice. 

Section 6. To demonstrate proper methods of packing fruits. 

Section 7. To hold orchard field meetings to discuss orchard dis- 
eases and to acquaint orchard owners with the methods of control. 


The work during the year has been conducted almost entirely through 
the County Agents. The agents are closely in touch with local condi- 
tions and as a result, the work can be performed to better advantage. 
Where there is no agent, as far as possible the work is conducted through 
some local organization such as the grange, gleaners or farmers’ club. 

Demonstrations are arranged as far as possible in a regular series in 
order to cover thoroughly the proper seasonal activities. Pruning dem- 
onstrations are given early in the spring followed by spraying, thin- 
ning, cover crops and packing where such a system can be followed. Al- 
though pruning work is one of the oldest known horticultural practices, 
it still seems to be the most popular phase of horticultural demonstra- 
tion work. 

Particular emphasis was placed, during the past year, on the subject 
of proper packing of Michigan fruits. Marketing and distribution looms 
larger in the fruit industry with each succeeding year, but the basis of 
the industry must always be quality and attractive packing. In this re- 
gard, a law was passed during the last legislative session providing for 
a standard pack of Michigan fruits. 

Many requests are received for farm visitations. Visitations direct 
to individual farms from the office are discouraged as far as possible 
unless there appears to be urgent need for such a visit. 

Assistance was given at seven farm schools during the winter season. 
At these schools a regular series of lectures pertaining to horticultural 
subjects was discussed. These meetings are of particular value in that 
they pave the way for definite demonstration work later on. 
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Considerable time was given during the fall months to fairs and fruit 
shows. Work of this nature is valuable in that it enables the Extension 
Specialist to keep in touch with the growers and thereby acquaint him- 
self more closely with their many problems. 

Publications and Correspondence: Correspondence in connection 
with the work has gradually increased as a result of wider acquaintance 
with the growers. Several timely articles relating to fruit growing have © 
been published in local and state papers. A spray calendar was widely 
circulated, and a circular calling attention to the proper methods of pre- 
paring fruit and vegetable exhibits is ready for publication. 


SUMMARY OF WORK PERFORMED. 


Lane sVASIUS Peat veratahe = siesuadets eee eaters hrs SRT Bie rahe 202 
Number of demonstration meetings ............... ag 
Attendance at demonstration meetings............ 1,008 
Number of lecture, meetings so. n ha. a5 426 Piaiecnsi ss al er- 96 
ALONG AMee Gb TCCCULES eyirecccc. tePelierta alta tverd vet ares 6,637 


East Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK WITH POTATOES AND 
VEGETABLES. 


BYS CW. WALD: 


The Potato Project: The extension work with potatoes is being con- 
ducted in the form of a definite project, the objects of which are as fol- 
lows: 


Section I—To demonstrate the advantage of: 
(1) The tuber unit method of improving the seed. 
(2) Hill selection of tubers for seed. 
(3) Greening or green sprouting of the seed. 
4) Seed treatment to prevent scab and black scurf (rhizoctonia). 
5) Testing different growers’ seed. 
6) The use of commercial fertilizers. 
7) Close planting on productive soils to increase yield and to 
reduce the percentage of oversized tubers. 
(8) Spraying with Bordeaux to prevent blight. 


Section II—To acquaint the growers with the important potato dis- 
eases and methods of control. Also, with the approved 
methods of field selection of high grade seed potatoes. 


Cooperation with County Agents: In each county in which a regular 
County Agent is employed this work is carried on in cooperation with the 
agent. He determines the particular sections in which the work is to be 
done and selects the individual growers who carry on the demonstration 
work and on whose farms inspection work is done and field meetings held. 

Field Meetings: When the work is first started in a community one or 
more field meetings are held during the growing period at which the grow- 


244 STATE BOARD OF AGRICULTURE. 


ers in the neighborhood are invited to be present. At these meetings a 
general talk is given along cultural lines, including the identification of 
insects and diseases. Control methods are also given. Such meetings 
are very well received as the growers are enabled to get first hand infor- 
mation about many things of which their knowledge is limited. 

These meetings are held so far as possible on farms where one or more 
‘demonstrations are being carried on. There were fifty-seven such meet- 
ings held during the year with a total attendance of eight hundred grow- 
ers. 

Field Inspection: The work of inspecting certain portions of potato . 
fields for the purpose of seed improvement was continued on the same 
general plan as it was conducted in 1915. Much more of this kind of work 
was done by County Agents during the year than heretofore. The agents 
having been with the Extension Specialists when the inspection work 
was done have become sufficiently familiar with the work to enable them 
to do it without the specialist being with them. Many potato growers 
have learned as a result of this work how to do their own inspecting. 

Field Demonstrations: More and more emphasis is being placed on 
field demonstrations as the work is progressing. Had it not been for 
the war a very large number of these demonstrations would have been 
carried on in 1917. Even under war conditions practically every regular 
County Agent has been able to get a number of demonstrations started 
and the prospects are that much more of this work than before will be 
completed. 

The State Potato Association: The Michigan State Potato Association 
has been used as a means of securing the cooperation of the potato grow- 
ers of the state in the potato improvement work being carried on by the 
College. The annual meeting was held at Escanaba in 1916. The 1917 
annual meeting will be held at the College during Farmers’ Week. A 
potato show will, also, be held at that time. ; 

Local Organizations: The potato development work has been carried 
on very largely with a view of working with groups of men rather than 
with individuals. Local potato associations have been maintained in 
many communities. In some cases the work has been carried on through 
an organization already formed instead of attempting to organize a po- 
tato association. The “Community Plan” of working has been the 
thought uppermost in the minds of those responsible for this work, what- 
ever the method of getting the growers together. 

The Vegetable Work: Because of the demand for work with potatoes 
the Extension Specialist has not been able to give a great amount of 
time to other vegetable crops. Requests for help have been taken care of 
either through correspondence or personal visits. The vegetable growers 
are, however, beginning to realize that they may secure help from the 
College if they make the effort. With the additional facilities for carry- 
ing on the work which we will have during the coming year much more 
should be accomplished along this line. 

Lectures: There were fifty-two lectures given during the year at 
which a total attendance of 5,122 was recorded. This included the Exten- 
sion Schools, Institutes and special meetings. 

Farm Visits: There were 220 visits made during the year. Many of 
these were to call upon greenhouse men and inspect their crops. This 
seems to be the most practical way of helping this class of producers. 
At the same time these visits help to keep the Extension Specialist in 
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close touch with the progress of this important and rapidly developing 
business. 

Correspondence: There has been a very great increase in the amount 
of correspondence during the year. This has been due in part to a wider 
acquaintance among potato and vegetable men. It is, also, due to the 
very great interest in gardening work as a result of the nation wide agita- 
tion along the line of the need of increased food production. The an- 
swering of inquiries from farmers scattered over the state is work which 
fits in very nicely with the Extension Visitation work. 

Publications: Because of lack of funds the number of publications 
issued during the year has been limited. Extension bulletin No. 7, en- 
titled “Suggestions for Growing Potatoes” has been printed. Mimeo- 
graph copies of cultural suggestions on cabbage and cauliflower grow- 
ing have been made. A large number of articles have been prepared for 
the press and these have through the Publicity department of the Col- 
lege received wide distribution. 

Additional Assistance Given: Because of the large amount of corres- 
pondence and office work a stenographer has been added to the force. 
Beginning with the next year an additional man will be employed in 
connection with the potato and vegetable work. 

Potato Work in the Upper Peninsula: This report does not include 
the potato work which has been done in the Upper Peninsula. J. W. 
Weston has had this work in charge and his report will include his 
work. The potato work in the Upper Peninsula is carried on in much 
the same manner as in the Lower Peninsula. 

East Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK IN FARM MANAGEMENT 
DEMONSTRATIONS. 


BY KARL H. MC DONEL. 


Farm Management Demonstrations have proved to be very successful 
the past year, both from the standpoint of the demonstrator and the 
County Agent. The account book is rapidly replacing the “Farm 
Record,” for it is accepted by the farmer as more reliable, and the dem- 
onstrator is able to work with a greater number of farmers. 

When the County Agent desires this work as a part of his year’s work, 
publicity is given the work in the county papers, the farmer’s interest 
being aroused as much as possible. Following this, a series of meetings 
is conducted throughout the area. Either the demonstrator or his as- 
sistant is present and explains the purpose and the reason for keeping 
farm accounts. : 

The account book is explained and if the farmer wants to keep the 
book he is given the assistance he desires to start the book, also any as- 
sistance he may ask for during the year. 

At the end of the year he either summarizes his own book, or sends it 
in to the College where it is summarized and checked. After the figures 
are copied on the office sheet the book is returned to the farmer for a 
permanent record. , 
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Later each farmer who sends in an account book is furnished with a 
report which shows him what the farm paid for his year’s work, also 
tables and comparisons with the successful farms of that area. 

If the income is low, or if it is seen by the analysis that it can be bet- 
tered, the County Agent advises with the farmer and assists him in 
making what changes seem necessary. This, however, is done only where 
the farmer asks for personal aid. 

A second edition of the account book has been prepared and put into 
use this year. Any farmer who agrees to keep the book and turn it 
in at the end of the year may have one free. They are also put into the 
farmer’s hands by the aid of the County Agent and local leaders. 

The first year’s demonstration has been completed in Mason, St. 
Joseph, and St. Clair counties. The second year’s demonstration has 
been completed in Newaygo, Branch, and Saginaw counties. 

The work has been presented by the demonstrator or his assistant in 
twenty-seven week schools of agriculture. 

The following table gives a summary of the work during the past 
fiscal year: 
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Fast Lansing, Mich., June 30, 1917. 
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REPORT OF THE EXTENSION WORK IN ENTOMOLOGY. 


BY DON B. WHELAN. 


The work of the Extension Specialist in Entomology has been con- 
tinued along the same lines as last year. His time has been divided be- 
tween the Extension work and the College. Probably a little more work 
has been given to the former than last year owing to the earlier closing 
of the College. 

The work of the year may be summed up as follows: 

(1) Advice and aid in combatting insect pests with demonstrations 
for their control. Nearly the entire state has been visited during the 
year and aid given by farm visits or demonstrations. Much of the work 
done was in response to requests for aid and for advice. One hundred 
and fifty-nine farms and homes were visited and demonstrations held in 
some of them. 

No single pest stood out as doing great damage although many were 
present from time to time throughout the year doing more or less dam- 
age. Probably the two that gave the most concern were the Cutworm 
and the Pear Psylla. 

A demonstration on the use of heat for controlling mill insects was 
put on at Hillsdale and as a result will save the millers of that mill 
many hundreds of dollars each year. 

(2) Visiting and aiding the County Agricultural Agents.—As many 
of the county agents were visited as time permitted and their neces- 
sities demanded. One trip was made to the Upper Peninsula where all 
of the county agents were visited and aided with their insect troubles. 
Demonstrations were carried on with some of them. 

(3) Lecturing and Extension Schools.—Fifteen lectures were given 
at various schools with an average attendance of forty-one. The fol- 
lowing lectures were given: “Farm Crop Insects and Their Control,” 
“Insects of the Garden and Their Control,” “Injurious Fruit Insects 
and ,Their Control,” and “Farm Methods of Controlling Insect Pests.” 

(4) Lectures at Granges and Other Meetings.—A lecture was given 
before the Grange at Manistique and before the Farmers’ club at 
Brethren. <A lecture was also given in the City Library at Menominee 
and others before the institute speakers at East Lansing, Boy Scouts 
at Manistee, Grape Growers Convention at Lawton, including an illus- 
trated lecture before the Michigan Vegetable Growers’ Association at 
Detroit. 

(5) Attendance at State and County Fairs.——The Extension Special- 
ist in Entomology had an exhibit of various insect pests showing the 
damage done by them. Questions were answered concerning many pests 
and how they could be controlled. The exhibit was shown at the Green- 
ville Fair, Western Michigan State Fair, Hillsdale Fair and the Sag- 
inaw Fair. Much interest was shown at all of these places. 
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SUMMARY OF WORK. 


No. Attendance. 
Farms. Visrted: 2+... sce eee eee 160 
Demonstrations... casi ec ae eee 10 95 
Lectures. at. Farm: .Schools 272.4 ¢.23.062 15) 615 
Lectures at Other Meetings............ 13 369 
Maigs atiended. .. achat ace ote nae 4. 


East Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK IN HOUSEHOLD 
ENGINEERING. 


BY O. HE. ROBRY. 


The work in Household Engineering has been carried on in practically 
the same manner as in the previous years. It is encouraging to note that 
there is a growing interest in home improvement in the country. A num- 
ber of forces are assisting along this line. Several firms are actively en- 
gaged in selling water systems, lighting plants, and other equipment 
which help in improving home conditions. The automobile has had an 
educational effect; it has widened the field of observation and brought 
the farmer in contact with city conditions. 

The work under this project has been carried on long enough to begin 
to show results. For instance, one community in Kent county where the 
writer explained the construction of a septic tank three years ago, has 
now installed twenty-five tanks. 

In order to determine whether our type of septic tank has proven satis- 
factory, a circular letter was sent to a number of people who have had 
them installed; practically every one replied. All reported that the 
tanks have given no trouble. The following quotations taken from some 
of the letters would seem to indicate that the work is appreciated : 

“T consider this system of sewage disposal a necessity for the country 
home and the cost not excessive in any way.” 

“T have not had any trouble; I think the system perfect.” 

“It is my belief that if farmers generally realized the comfort and 
health safe guard that your septic tanks really are, the farm home with- 
out one would be the exception, rather than the rule as at present.” 

The work of the year has been divided as follows: 


Iixtension Schools, Round-Up and Conference.. 14 weeks 


RATES. Vajobicce ve snes ols) cake hoes hae kg ees eee 5 weeks 
Preparation of literature 20 .0¢ si) ee eee 5 weeks 
Draamiare es 5s os gw anand ja baene eaeeehe = oi eae PR 3 weeks 


Household Engineering, Field and Office Work.. 21 weeks 


48 weeks 


Latension Schools: Lectures similar to those given last year were 
delivered at thirteen one-week schools. Practically 400 people attended 
the lectures. 
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Fairs: A small exhibit showing a septic tank and the installation of 
a water system was put on at the Grand Rapids, Greenville, Saginaw 
and Hillsdale Fairs. A great deal of interest was shown; hundreds of 
people asking for information. 

Publications: It is unfortunate that the bulletins already prepared 
have not been published. We have had a great many demands for them. 
A bulletin on “Water Supply” has been prepared and will be ready to 
present as soon as a few drawings are completed. 

Drainage: Since the declaration of war it seemed a patriotic duty to 
give assistance along production lines should the opportunity present 
itself. Farm drainage is a limiting factor in production in a great many 
places. Practically three weeks have been spent in laying out drains, 
planning drainage systems and giving information along drainage lines. 
This work has been particularly important owing to the wet season. 

Household Engineering Field Work: Twenty-two weeks were de- 
voted to this work. Besides the regular office work and a small amount 
of experimental work, during this time 74 farms were visited and assist- 
ance given. Assistance was given in the construction of 24 septic tanks 
and seven lectures were delivered to approximately 300 people. 

East Lansing, Mich., June 30, 1917. 


REPORT OF EXTENSION WORK IN FORESTRY. 


BY E. C. MANDENBERG. 

The present Extension Specialist has been carrying on the work in 
Forestry Extension since October, 1916. Previous to this time the mem- 
bers of the Forestry department staff carried on the work of this pro- 
ject. Demonstrations of the following nature were held: 

1. Plantings to hold the light, shifting, sandy soils: Eighteen thous- 
and willows and several thousand locust tree seeds were planted on 
Big Prairie in Newaygo county. This is one of the worst blow sand 
areas in the state and we hope this planting will hold the sand and that 
we will eventually get it under forest cover. Another bad sand blow 
was planted in Holland Township, Ottawa county. This blow covers 
about 12 acres and it has completely filled up a county drain causing 
water to back up on 4,000 or 5,000 acres of fertile land. Two planting 
bees were held and thirty thousand willow and poplar cuttings were set. 
We are also trying out some chick peas, furnished by the United States 
Government, some lupines, soy beans and cow peas on this sand. Still 
another blow covering several acres was partially covered in Kalamazoo 
county. 

2. Management and care of farm woodlots: At these demonstra- 
tions we tried to show farmers what trees should be cut when thinnings 
are made, what kind of materials should be cut from them, how wood- 
lots of hard maple should be managed for sugar and syrup production, 
and how to estimate the amount of timber standing on the woodlot. 

3. Culture of basket willows: Several small plots and one large plot 
were established. A splendid market has opened up for native willows 
and more farmers will be urged to plant them. 
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4. Beautification of the home and country school grounds: Plans 
have been made and carried out. There is a big field for this kind of ex- 
tension work. 

5. Christmas tree planting for city markets: A 10 acre mixed plant- 
ing of poplar and spruce was made near Nunica. There seems to be a 
big demand for home grown Christmas trees and plantations are being 
put in all over the state. 

6. Loadside tree plantings: A planting of roadside trees was made 
on a mile and a half of road near Howard City. This phase of the work 
should be pushed the coming year. 

7. Meetings were held with the maple syrup and sugar makers in 
various parts of the state and the Michigan Maple Syrup Makers’ Asso- 
ciation was organized. The object of this association was to encourage 
better and more economical methods of producing pure, high grade 
Michigan maple syrup, to make better and more uniform grades of 
syrup, to assist in advertising and marketing the product and to aid 
the syrup maker in solving his problems. It has a membership of 60 
farmers and nearly all of these men were given some assistance in their 
sugar camps. 


SUMMARY. 
Total 
No. Attendance. 
LPH Aig GESVE Seber arvee ester, cae: ST Rade ENaes Abin © 172 
Denonstrationssheldd ior +. Soaks eet 20 142 
Visits to buyers of: producisec..2.2.0¢° 4. 64 64 
Conferences with County Agents........ 28 28 
eChULres PIVEN. -.22 Fs oh oe ee Chats = aman 10 410 
Nehnools); visited s 42.1 cise we cere 22 
Counties «visited ¢.3; .ber shan ketene 40 
Farmers assisted in woodlot marketing. . 47 47 
People served (mostly farmers)......... 1,121 


Kast Lansing, Mich., June 30, 1917. 


ANNUAL REPORT OF THE OFFICE OF MARKETS. 


To the State Board of Agriculture: ; 

I beg to submit the following report of investigations and work of the 
Michigan Office of Markets for the year ending June 30th, 1917. 

As to whether the markets office should be connected with other agri- 
cultural activities of the state has been answered in the affirmative by 
about three-fourths of the states adopting the Michigan plan of coordi- 
nating with the State Agricultural College. 

Marketing is one of the most complex of human relations and the best 
constructive thought of the nation has been devoted to investigation and 
outlining marketing procedure. The association of federal and state 
activities provides a corps of men including county agricultural agents, 
special agents of the markets office here and at Washington, and others, 
which is a combination for service that is of advantage, because com- 
merce is no longer thought of in state line boundaries. 
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The tentative legislation to states not already having marketing laws 
as recommended by the United States Bureau of Markets, is that of the 
Michigan outline. Partisan political bias which has been the occasion of 
much bitterness in several states has been avoided. There is not so much 
opposition to marketing reforms and better service as lack of working 
plans therefore. 

The advocacy of cooperation and the refusal to cooperate with all the 
agencies of the state and nation is a limitation resulting from limited in- 
formation. 

Much confusion arises from the failure to classify farm products as 
those whose form must be changed before consumers use, and those in 
form such as the citrus fruits which are susceptible of successful direct 
marketing. The great farm staples such as grain, textiles, meats, and a 
large portion of the fruits and vegetables have to be manufactured or 
put through a process before they are ready for the consumer. An ex- 
amination of the stocks found in retail grocery stores usually discloses 
that 90% of the goods are changed in form by manufacturing and approx- 
imately 10% have not been. When the producer has parted with the raw 
material that reappears as butter, cheese, canned goods, cereals, cured 
meats, soap, ete., etc., he has sold these products as raw material. 
When these are aggregated, and with these are associated say 10% in 
value of potatoes, vegetables, etc., to be sold in the form produced, the 
question arises at once as to whether the sale of the last named in asso- 
ciation with the manufactured goods is not perhaps as economical in dis- 
tribution as if sold directly alone. The agency of direct marketing is 
open to everyone who has goods to sell and can find a buyer. AIl estab- 
lished city markets are at his disposal. All these fields have been culti- 
vated by the United States in the possible service to be rendered by the 
parcels post. The various express companies have endeavored to handle 
and build this trade at no cost but that of transportation. In spite of all 
this, the volume is small and is a negligible factor at present. The ex- 
perience of individual cooperative associations and even the activities of 
the states have not found direct marketing successful. The wholesale 
grocer is in one sense like the producer in having goods for sale. With 
standardized goods, credit reports and all the machinery of business, he 
has not been able to dispense with salesmen. The best information ob- 
tainable indicates that it is possible to market less than ten per cent of 
farm grown products directly, and this amount in practice is decreased 
because of remoteness from market and because of small units. 

While perfection is far away, it does not seem good marketing marks- 
manship to devote overmuch effort on the smallest units of output. Un- 
organized agriculture is individually selling unappraised products, to a 
well posted body of buyers. Efficiency in buying so as to increase the 
profits is a part of the organization of buyers. Edwin Hurley of the Fed- 
eral Trade Commission has pointed out that the greatest menace to busi- 
ness is the business man who does not know what it costs to do business. 
Agriculture being basic, in the sense of the starting point for so much of 
manufactured goods, has wide variations as to unit or pound or bushel 
cost. Seasonable variations are influences to be reckoned with. The acre 
cost in agriculture is an easier measure to the farmer, of cost, and less 
variable, but an unknown and impossible standard for the buyer to use. 
It is this lack of common meeting grounds for the producers to act as a 
unit and the different denominators of cost measure, which to the grower 
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is the acre, and to the buyer, the pound, that men’s minds do not meet. 
The great service that a Market Office then can do, is to assist the pro- 
ducer to aggregate with those of his class, and provide the best informa- 
tion that is obtainable as to supply and demand, and the cost of unit to 
be sold. This is in short, to place agriculture upon the same plane with 
the buyer, in the interpretation of supply and demand in terms of price. 
The ambiguity of the more usual terms of agriculture, such as increased 
efficiency, reducing the cost, cooperation, standardization, ete., are not 
possibilities for meeting points for men’s minds. The statutes of the 
United States against trade restraints center around the psychological 
fact of a common understanding of values. The commerce of the world 
is expressed in money, the common denominator of exchange values, Agri- 
culture as an organic industry, has rarely used the measure of value 
upon its own output. The proclaiming of agricultural cooperation with- 
out a common meeting point of men’s minds engaged in the industry, 
has made this work an unstable guide, and deprived of leadership. Un- 
cooperating units of agriculture were impotent to deal with buyers who 
possessed the knowledge of the factors that determined values. 

This was then, the condition of the marketing of beans in Michigan 
prior to organization of the growers. It is not the purpose of the Mar- 
kets Office to fix prices or promulgate values. It is however, the duty 
of this office to supply the advices that informs of the factors which 
men’s minds demand, to act intelligently. The reforms in and advices 
for the marketing of Michigan’s bean crop in 1916, placed between two 
and three million more of money into the hands of the bean growers, 
than would have otherwise been done, is the opinion expressed by lead- 
ing elevator operators in this state. This service was not confined to 
state lines, but the State Market Director of Idaho advises that this 
same information from Michigan raised the price on one hundred and 
fifty carloads of beans in that state, two cents per pound in twenty-four 
hours. New York, Colorado, Idaho and Ontario have planned their 
marketing of beans in the future, in the manner set by Michigan. It was 
the satisfaction of the marketing of the Michigan bean crop of 1916 that 
made it easy for the bean growers to vastly increase the acreage for 
1917, when the nation’s needs were never greater. The cooperation of 
bean growers and buyers in deliberations as to the growing and handling 
of the crop, is one of the most hopeful commercial conditions. Coopera- 
tion confined to a class, is narrow, and tends to hostility rather than to 
mutual service. The authorization of the investigation and improve- 
ment of the marketing of beans in this state, by the State Board of Agri- 
culture in advance of any legislation, was an advanced step in coordi- 
nating production with distribution. 

The Michigan Milk Producers’ Association was organized at the Agri- 
cultural College, and has united an industry as no other agricultural 
body in the state, in the sense of maintaining a paid field agent and the 
expenses of campaigns for improvement of prices and products. The 
rapid advances in feedstuffs made the price schedules that seemed ade- 
quate for milk, entirely inadequate a month later. In many places their 
schedules of prices were advanced to meet at least in part, increased 
cost of milk production. Measured in money, the work of the Milk Pro- 
ducers’ Association is reckoned by R. C. Reed, the efficient field secre- 
tary, as increasing the yearly earnings of every man whose daily output 
of milk is 250 pounds, over $400. It was the leadership of the Michigan 
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Milk Producers’ Association, that, in the persons of Milo Campbell and 
N. P. Hull, shaped the plans of the National Organization of Milk Pro- 
ducers in December of 1916. 

The Federated and Federation of Fruit Growers in Michigan have 
pursued in a similar manner, the plans of interpreting supply and de- 
mand in terms of value. Where there was little union, there have now 
sprung up, strong bodies of fruit men working together. The services 
and counsels of men of the type of George E. Prater and R. H. Morrill, 
have been invaluable in this work. 

When the question of minimum price control was first urged, the Mar- 
kets Office made inquiry of 200 farmers and business men of Michigan, 
and transmitted a summary to Senator William Alden Smith. This re- 
port was published verbatim in the Congressional Record, as an expres- 
sion of Michigan sentiment. 

The enactment of the Clayton Amendment to the Sherman Anti-Trust 
Law with agricultural organizations exempted when not organized for 
profit and not having capital stock, has been a reason for the effort to 
secure organizations of cooperative bodies under the Act of 1903. The 
reason for the exemption of agricultural organizations is not one of 
political favoritism but because, when the profits of agriculture are re- 
turned to the producer on the basis of his product, rather than upon his 
ownership of stock, then the line is clearly drawn between the possibil- 
‘ities of agricultural cooperation and exploitation. The United States 
has recommended that a similar cooperative Incorporation Act, to that 
of Michigan be enacted in all states. A distinction is drawn between 
capital and capital stock. Stock implies control through ownership. 
Capital derived from membership fees and individual credit loaned to 
the association, maintains the distinction the law makes between co- 
operative and other corporations. The federation of corporations or- 
ganized under other statutes, or when these affiliate or act in any 
capacity together places them.in technical violation of the Federal laws. 
An example of the most modern cooperative body is that of the Ply- 
mouth Cooperative Association. The capital when needed, is loaned by 
the banks, by each member giving a non-interest bearing collateral note 
for $35.00. The profits of the transaction eventually discharge the 
loans. These notes, good for three years, are ready collateral for use, 
the same as the city investor borrows on stocks or bonds as collateral. 
From a banking standpoint, the security is good. This is the Danish 
method of cooperating credit, which is always more plentiful than cash. 
Cooperative Associations, seeking a model, might well pay a visit to the 
Plymouth body. There are large savings possible in the purchase for 
cash of all farm supplies as well as actual manufacturing and selling. 
Wherever there has been a call for various cooperative bodies, the Mar- 
kets department has been at their service. 

In the matter of statutory regulation of trade, the Markets Office is 
averse to the employment of police powers as a part of its prescribed 
duties. There are other departments of the state which are in need of 
this power and where its enforcement can best be accomplished. In 
marketing much of the unmerchantable products which are at the same 
time wholesome and of great food values could well be taken off the 
market by drying. An established plant to make potato flour would al- 
low commercial grading of potatoes without the ever present twilight 
zone of the unmerchantable. 
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The services of R. H. Elsworth as assistant State Marketing Director, 
and Federal Field Agent in Marketing, have been most gratifying. The 
cooperative work is detailed below. 

During the eight months ending with June 30, 1917, field work in 
marketing has been carried on in 34 of the 83 counties in Michigan. 
Many additional counties have been reached by correspondence or 
through the County Agricultural Agents. 

The accomplishments and the activ ities of the Field Agent in “Market. 
ing, recorded under project titles are as follows 

Organization: Assistance has been given in the orgnaization of seven 
standard cooperative buying and selling associations. These associa- 
tions are organized in accordance with Section 6 of the Clayton Anti- 
Trust law. 


Allegan County—Saugatuck, Saugatuck Cooperative Fruit Asso- 
ciation. 
Alpena County—Ossineke, Ossineke Cooperative Association (live- 
stock, hay, grain). 
Barry County—Hastings, Central Barry Cooperative Association 
(livestock). 
Cressey, Southern Barry Cooperative Association (livestock). 
Berrien County—Benton Harbor, Benton Center Fruit Associa- 
tion (fruit). 
Coloma, Berrien County Fruit Association (fruit). 
Mecosta County—Barryton, Barryton Cooperative Association 
(livestock). 


Assistance was given in the matter of organizing the Grand Rapids 
Dairy Company (Kent county). This company is incorporated under 
Act No. 398, Public Acts (Michigan) of-1913. It is semi-cooperative 
with a capital stock of $75,000, of which amount $50,000 is already sub- 
scribed. The statute provides for suitable reserves, six per cent diy- 
idends to capital stock, and then patronage dividends. The company is 
formed to market the milk of its four hundred members at wholesale 
and retail in the city of Grand Rapids. 

Assistance was also given in the work of re-organizing eight existing 
associations and re-drafting their organic laws that they might incorpo- 
rate as non-capital stock, non-profit associations. The associations are: 

Berrien County—Bridgman, Bridgman Fruit Growers’ Association 
(fruit). 
Miliburg, Millburg Fruit Growers’ Association (peach). 
St. Joseph, St. Joseph-Michigan Fruit Association (grapes). 
Mecosta County—Big Rapids, Farmers’ Cooperative Creamery As- 
sociation (creamery). 
Muskegon County—Muskegon, Muskegon-Grand Haven Celery 
Growers’ Association (celery). 
Van Buren County—Lawton, Southern Michigan Fruit Associa- 
tion (grapes). 
Paw Paw, Fruit Growers’ Union (grapes). 
Paw Paw, Wolverine Fruit Association (grapes). 
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Aid has been given in the formation of two federations of fruit ship- 
ping associations. They are: 


Michigan Fruit Packers’ Federation. 
Michigan Grape Growers’ Federation. 


The purpose of the federations is to disseminate information regard- 
ing marketing conditions, bring about higher standards in the grading 
and packing of fruit, and endeavor to cause an increased demand for 
Michigan fruits. 


Temporary organizations, which may in time become permanent sell- 
ing associations were formed as follows: 


Antrim County—Bellaire (fruit). 

Alpena County—Wilson Community (grain, hay, livestock). 
Barry County—Freeport (grain). 

Livingston County—Howell (feed, coal, livestock). 

Oceana County—Hart (fruit). 

Van Buren County—Breedsville (fruit). 


Informal talks regarding organization problems, in addition to the 
many- and long talks in connection with the formation of the above 
enumerated organizations, were given as follows: 


Allegan County—Martin (general). 
Benzie County—Beulah (fruit). 
Frankfort (fruit). 
Berrien County—Millburg Church (general). 
Eaton County—Grace Church (livestock). 
Grand Traverse County—Traverse City (fruit). 
Long Lake Grange (general). 
Ingham County—KEast Lansing (general). 
Kent County—Grand Rapids (dairy products). 
Lenawee County—Adrian (general). 
Mason County—Victory Town Hall (creamery). 
Manistee County—Onekama (raspberries). 
Mecosta County—Big Rapids (fruit). 
Midland County—Coleman (livestock). 
Oceana County—Shelby (fruit). 
Ottawa County—Jamestown (grain). 
St. Clair County—Capac (general). 
Columbus Hall (general). 
Bethel Church (general). 
Van Buren County—Decatur (celery). 
South Haven (fruit). 


The Field Agent attended and spoke at the meeting of the Executive 
Committee of the Michigan State Grange at Jackson (Jackson county) 
at which the topic of “Organization for Cooperative Marketing” was 
discussed at length. 
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The status of the Northport Fruit Growers’ Association (Leelanau 
county) was discussed with the secretary of that organization. 

A meeting was held with the potato growers of Wolverine (Cheboy- 
gan county) and their organization problem discussed at length. They 
were urged to form a non-capital stock, non-profit, organization to 
handle their collective business transactions. 

Market Business Practice: A vast amount of preliminary work pre- 
paratory to the introduction of the uniform systems of accounting de- 
vised by the Bureau of Markets has been carried on in the state. 

Informal audits were made of the 1916 business of the following or- 
ganizations: 


Allegan County—Fennville, Fennville Fruit Exchange (fruit). 

St. Joseph County—Burr Oak, Burr Oak Cooperative Association 
(livestock). 

Van Buren County—Bangor, Bangor Fruit Growers’ Exchange 
(fruit). 


The accounting systems in use by three grain elevator companies were 
critically examined. The elevators were: 


Tonia County—Lake Odessa, Farmers’ Grain & Produce Co. 
Mecosta County—Rodney, D. Mansfield & Company. 
Saginaw County—Merrill, Merrill Farmers’ Elevator Co. 


Three creameries are preparing to install the uniform system devised 
by the Bureau of Markets for country creameries. They are: 


Barry County—Delton, Delton Cooperative Creamery.* 
Hillsdale County—Litchfield, Litchfield Dairy Association. 
Kent County—Caledonia, Caledonia Cooperative Creamery.* 


Four fruit shipping associations have ordered the uniform system of 
accounts devised by the Bureau of Markets for fruit and produce organ- 
izations. The associations are: 


Allegan County—Saugatuck, Saugatuck Cooperative Fruit Asso- 
ciation. 

Berrien County—Benton Harbor, Benton Center Fruit Association. 
Coloma, Berrien County Fruit Association. 
Millburg, Millburg Fruit Growers’ Association. 


The first two named organizations are now installing the system. 
Formal conferences regarding accounting matters were held with the 
officers or employees of seven organizations as follows: 


Barry County—Hastings, Central Barry Cooperative Association. 
Middleville, Middleville Cooperative Co-Partnership Creamery 
Company, Ltd. 


Hillsdale County—Litchfield, Litchfield Dairy Association. 
*Not yet visited by Field Agent, 
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Kent County—Alto, Alto Co-operative Creamery Association, Ltd. 
Grand Rapids, Grand Rapids Dairy Company. 
Van Buren County—Bangor, Bangor Fruit Growers’ Exchange. 
(meeting with members of Board of Directors). 
Wayne County—Plymouth, Plymouth Agricultural Association. 


In several cases more than one visit has been made to an association 
in an effort to render service. 

Fruit Grading and Standardization: Preliminary work in behalf of 
the standardization of Michigan fruits was carried on at Grand Rapids, 
Benton Harbor, Hartford and Lansing. At the first named place the 
Field Agent drafted resolutions which were laid (by C. B. Cook) be- 
fore the Michigan State Horticultural Society, December 5, 6 and 7. 
At Benton Harbor (Michigan State Horticultural Society, February 20 
and 21) the Field Agent in Marketing acted as chairman of a committee 
to report upon proposed apple grading legislation. At this meeting the 
Michigan Fruit Packers’ Federation was brought into existence and sub- 
sequently did excellent work for standardization. At Hartford, Feb- 
ruary 28, the Federation directed its secretary to visit the State Capitol 
and urge the desired legislation. The meeting at Lansing, March 8, 
was a hearing before the horticultural committees of the two branches 
of the legislature in connection with the proposed fruit grading bills. 
The program adopted on this occasion was carried through. Three 
Michigan fruit standardization laws were enacted by the legislature. 

Act No. 74, Public Acts of 1917, is the same as the federal act to fix 
standards of climax baskets. 

Act No. 75, Public Acts of 1917, is in accordance with suggestions 
made by the Fruit Standardization project, Bureau of Markets, for an 
apple grading law. 

Act No. 88, Public Acts of 1917, is the same as the federal act defin- 
ing “standard barrel for fruits, vegetables, ete.” 

These acts go into effect about August 20, 1917. 

As a direct result of the passing of the fruit grading laws the Michi- 
gan Dairy and Food Commissioner has appointed a fruit inspector, 
Leslie Scott, Bangor, Mich., who will devote his entire time to the en- 
forcement of the above and similar laws. 

The Michigan Fruit Packers’ Federation at its meeting at Hartford 
June 14, adopted the following peach grades and sizes for 1917: 


B grade—114 to 1% inches 
A grade—l% to 214 inches 
AA grade—21, inches and up. 


Kleven associations hold membership in the federation. 
Informal talks bearing upon standardization were made, in addition 
to the above mentioned work, at meetings ‘as follows: 


Benzie County—F rankfort. 

Berrien County—Benton Harbor. 

Mason County—Ludington. 

St. Clair County—Bethel Church. 
33 
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City Marketings Observations were made at the following markets: 


Grand Traverse County—Traverse City (potato). 
Ingham County—Lansing (municipal). 

Jackson County—Jackson (municipal). 
Kalamazoo County—Kalamazoo (municipal). 
Kkent County—Grand Rapids (municipal, two). 
Manistee County—Manistee (municipal). 
Mecosta County—Greenville (potato). 


During the winter data were collected by means of questionnaires and 
observations upon the chances of establishing successful public markets 
in Adrian and Muskegon. 

Informal talks bearing upon value and operation of public markets 
were made before the Muskegon County Horticultural Society and the 
vegetable growers of Jackson (Jackson county). 

Market Surveys: Many places were visited for the purpose of obsery- 
ing various phases of the marketing problem. 

The wholesale fruit and produce sections of Bay City, Bay county, 
and Saginaw, Saginaw county, were visited. 

The canning plant at Cherry Home Orchards near Northport, Leela- 
nau county, was visited. 

An afternoon was spent in studying grain marketing at the elevator 
of the Chesaning Farmers’ Elevator Company, Saginaw county. 

Observations as to the methods of marketing dairy products were 
made as follows: 


Berrien County—Benton Harbor, Twin City Creamery Company. 
Eaton County—Charlotte, Dry Milk Company. 

Kalamazoo County—Kalamazoo, Dairymen’s Milk Company. 
Oakland County—Pontiac, Pontiac Creamery Company. 


Live Stock marketing was studied in connection with the following 
enterprises : 


Branch County—Batavia, Batavia Cooperative Company. 
Coldwater, Coldwater Cooperative Company. 
Quincy, Quincy Shippers’ and Buyers’ Association. 

Wayne County—Detroit, Central Live Stock Yards. 


Miscellaneous Activities: Six informal talks under the title, “Ad- 
vertising to Increase Consumption of Farm Products” were given as fol- 
lows: 


Berrien County—Benton Harbor. 

Benzie County—Frankfort. 

St. Clair County—Capac. 
Columbus Hall. 

Van Buren County—Hartford. 
South Haven. 


Informal talks upon the general subject, “The Marketing of Farm 
Products” were given at meetings of commercial organizations as fol- 
lows: 
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Eaton County—Eaton Rapids, commercial organization. 
Mason County—NScottville, commercial: organization. 
Manistee County—Manistee, business men’s noon luncheon. 
Mecosta County—Big Rapids, group of bankers. 


Participated in formal conferences as follows: 


Branch County—Coldwater, Committee Milk Producers’ Associa- 
tion. : 
Coldwater, Branch County Cabbage Growers’ Association. 
Ingham County—Lansing, Michigan Agricultural Development As- 
sociation. 
Manistee County—Bear Lake, Northern Michigan Agricultural Con- 
gress. 


Many informal conferences were held with W. B. Liverance, manager, 
Michigan Cooperative Association of Creameries, Grand Rapids, Kent 
county; H. D. Wendt, dairy division, Michigan Dairy and Food De- 
partment, Lansing, Ingham county, and Hon. James N. McBride, Michi- 
gan Director of Markets, Kast Lansing, Ingham county. 

A considerable amount of committee work was done in connection 
with the different meetings attended and an extensive correspondence 
was carried on with persons in all parts of the state. 

JAMES N. MC BRIDE, 
Michigan Director of Markets. 


R. H. Evsworts, Assistant. 
East Lansing, Mich., June 30, 1917. 
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THIRTIETH ANNUAL REPORT 


OF THE 


EXPERIMENT STATION 


OF THE 


Michigan Agricultural College 


UNDER THE HATCH AND ADAMS ACTS 


FOR THE 


YEAR ENDING JUNE 30, 1917. 


For members and organization of the State Board of Agriculture in charge of the Station 
and list of officers, see page 15 of this volume. 


.- 


REPORT OF SECRETARY AND TREASURER. 


The following shows the receipts and disbursements of the Experi- 
nent Station for the year ending June 30, 1917: 


IDNs. Cr 
DA ly LONG so hOnDALANCEs) savers cols) ares ore ctats ote tna oye ishel ead iexanetermmiers’ ec. eccka $6,984 31 
Aug. 18, 1916. received from iW; SEreasurye... cece. cle ce wreele ss 6 2 - 7,500 00 
Oct. 12, 1916. received from. U,.. SovETeCasUrye; Se Sek steele ie panes sistas 7,500 00 
Jan. 15, 1917. TECCived trom S. DIGABULY;s oso a vcss <= eee elelarche eae oie 7,500 00 
April 16, 1917. received from U.S; -Lreasury.. oon cee ee oe he 7,500 00 
June 30, 1917. license fees, 350 brands commercial fertilizers........ 7,000 00 
license fees, 490 brands commercial feeding stuffs.... . 9,800 00 
farm and miscellaneous receipts................-.-- 327 43 
from State appropriation, South Haven Experiment 
MUMUIOM: cycjea ms iatela siete cre Eee CR OE I LOE OOS 2,000 00 
from State appropriation, U. P. Experiment Station... 5,000 00 
from South Haven Experiment Station receipts...... LO w7. 
from U. P. Experiment Station, receipts............. 4,608 41 
from State Ereasurer l=o smiles oe ccc). cts esos ofer oe esans 15,000 00 
By disbursements as per vouchers filed in the office of the 
State Auditor Generales eh tan otc ios eerste area isens ter eee $81,406 80 
Dalanceioverdrawin 7s". his s).ce tice tice he oie eine ec 515 88 


ANGIE Lar esha Ue rn caer tate he fen haR OS cGeME MON oe REN Tea ey RAP e $81,406 80 $81,406 80 


Fifty thousand regular bulletins No. 276; fifty thousand regular bulletins No. 277; fifty thousand 
regular bulletins No. 278; seven thousand five hundred special bulletins No. 80; twenty-five thousand 
circular bulletins No. 31; twenty-five thousand circular bulletins No. 32; five thousand technica 
bulletins No. 28; five thousand technical bulletins No. 29; five thousand technical bulletins No. 30; 
seven thousand five hundred technical bulletins No. 31; seven thousand five hundred technical bulletins 
No. 32; seven thousand five hundred technical bulletins No. 33; seven hundred reprint press bulletins 
No. 37; one thousand press bulletins No. 50; one thousand five hundred press bulletins No. 51; two 
thousand press bulletins No. 52; two thousand five hundred press bulletins No. 53; two thousand press 
bulletins No. 54; two thousand press bulletins No. 55; one thousand five hundred press bulletins No. 
56; one thousand press bulletins No. 57; one thousand five hundred press: bulletins No. 58; one 
thousand press bulletins No. 59; seven hundred press bulletins No. 60; seven hundred press bulle- 
tins No. 61; seven hundred fifty press bulletins No. 62; have been issued by the Experiment Sta- 
tion during the fiscal year. z 


DISBURSEMENTS ON ACCOUNT OF U. 8. APPROPRIATIONS. 


Hatch fund. | Adams fund. 


Salaries: 
Director and other administrative officers................0000ee00:> O20 00M se ets. ose 
PMCIUUIC SLakieens ee en eects cae atte s Beare eto ake ope eneniem, bose tyes 2,575 00 $800 00 
Asmatanis toisclentitie stafl. <2. cc. see + cece siete Sieke bicse Rie reaver alee 4,639 80 9,083 20 
Labor: H 
Anntialeand- monthly enrploy een <2 ase. bSiewiortin sce ae Pewee Be lopeere ee ee 688 00 902 00 
Balance by week, day and hour as needed...................:.222005- 969 80 1,267 59 
Publications: : 
Ojheriexpenses (copper halftones) os. c0n' ca ctecseletne vee be lees ese Sane DOSE ete eee shes tac 


Postage and stationery: 
Ean DUES mee wa Pos Sots FRE Ll Sto sohias Ste fe fold LUE ae SIMS el eben Mtoces, Sbceoed caste sahil cce a ex 66 44 2 42 


1S) UIST ETEE AT STRATOS: > mt Reprint OO a eA A, 5 ae ee ae ioe Cae 
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DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATIONS.— Continued. 


Hatch fund. 


Mrsient and: GXPTOSS s,s. cise lsbis. 5 weds are OMe ee eta etate ce elanctane oleae Biante $33 18 
Heat, light, water and power: 


Heat 252 


80 


2 


Chemicals and laboratory supplies: 
CTEM ICAI iiss. sc ae 15,0: als Rian Ieee eT Te Eee a cnieee Tend Rieae i Rena Pane 


Seeds, plants, and sundry supplies: 
PASTICUIEUTAL <.:. 32:5 ic avavscste shone onerews tevotel oust eiele ie ote atorieietet otevene slexsaereleretetete 
MIOrireultiral =. vis. e cies te eis QAE cide iSte: pratete es isia cus STs Gtoyeneveveteiets 
Botanical 
Entomological 
ES LCLEMIOLOBIGAL | o.2iic.c, 6 Senses, tintein  eeeeie otaie GIRS reaper iadave eee iare ee ene eke 4 
(Gi isi te) A ah Ar aie en eer ord on rns Comomssn ono Gn aaoe 9 
BQUE Store ajc oie wise aie ew obs ceo. d eee ee erhie ee Bien olen Pee rela eiae ten Seat 


WM PSCCING |AHULTB Piers crctocet ors, ole o Sears Auk, Dae OE Tee Ee ee eer oe eto eaten | roietere Eee 


Library: 
One copy American Journal of Physiolog. 
One copy Berichte der Deutschen Chem. Gasellschaft................ 
One copy Chemisches' Centralblatts) tao iets a siteloe ere sree 
‘Khree copies! Chemisches: Jonmnalsi o....0. 5 © occas alee noe eres ove soe 
Orie*copycATchiy der Ely SIGH He. ae eicpateee oeo. co srake orne eat onsaeoe e ree ee 
One copy Journal of Royal Soc. of Chem. Ind 
One copy Journal of Royal Microscopical Soc....................--- 
One hundred seventy-three vol., one-half morocco bound............. 
One copy’Genera ingectorium tiene oem corns 
One copy Vet. Obstetrics 
One copy Report 10th International Vet. Congress..................- 
One copy Infection Immunity and Spec. Theropy................... 
Two copies: Centralblattifur Bateriologie: ...2. 0.022. s..sh- recess 
One copy, HyzienescherRindechal..- nose icra cet ohne aie a eens 
One;copy,Centralblatt fur Bateniolories.). + oacess oor eee cee ee eee 
One copy, Zeitschrift murs Wem. <> ot cicrte pele ere eee elie ee eit 
Otherspurchases 5 207,202, o.<re,nactenesicielen Ow noe One GeO otek hice erin 


Tools, machipery and appliances: 
(@) N@w PUurCGhases'£. i155 cicis occ fs plaints terecet ole sss) ohclela te eee Grohe) el eeetohaleie i tstotens 
Repaird . ci sehs. Sate Seats. pele Sa aes oe Coe Pe cee Oe 
Items of principal purchase: 

One ‘sifter and mixer ie). W/2 fee tee ete 


127 
33 


One Nusystem gin sens eee ee 
One Nusystemeun Bey ge ein eee 
Seventy ft. 4 in. br. hose, fitted......... 
QOne;wheelbarrowiez an ce oe een eae eee 
ONG HCLeLM CARETT. Bee one ees Be ee ee Lee 


Furniture and fixtures: 
One thermometer Cage: of sence fee oie sade ae tee cere | ae eee ee 
One No: 1070 filing ‘cabinetoee..ceh coe cee reer eer eee 


Scientific apparatus and specimens: 
Six triple aplanat 
One fireless electric oven....... ‘ 
wo Beckman thermometerssen -ce) coe cseen ene ce ee ceaonte ess oe 
awo Beckman: fhermomepersiacoc-haumuc ae oni easel oe eineiens 
One pressure cooker....... RS SANG AR NEA EE ENS Coa RL Meroe 
One No. 21340 Troemner balance and weights................+2ee-- 
One hygrograph.; .. 57.02 che eae Sig here aria kore ae io ops o 'ars ere ee eesti ers Toast | cece 
sCwo four condenserstills :.) <' a sc cea avon tes be Gate Sane DR ene Late eee 
Orie Walance. 5 sso s6:ds aie wa viene Heels toate eile Sone Tee ele ne VC eres aaa a 


2 \0 \s is 2 vole melee. 6 80 6's,» a bin alee ssa ww sl 6 6216 eis Bia ¢\01010, mee e7° 


Adams fund. 


ey 


v0 .el'e eile 81a) Ow) ae 
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DISBURSEMENTS ON ACCOUNT OF U.S. APPROPRIATIONS.—Conclu ded. 


Hatch fund. | Adams fund. 


Live Stock: 
Smalllexperimentalvanimial sss oor.) sce-s syn, oie0s <ve.clo che. sy evel eels oy'vrs: 01s, 6 016,0. oforcha| $27 80 $193 99 


Traveling expenses: 
NT BUDE VIRION OL StALLOMOWODK a= 75 sie tsv\ consents, es oterdiotisters «ole ee oa. e coh 344 54 
In connection with investigations under Adams Act................. 
For other purposes connected with station work...................- 635 27 


Contingent expenses: ee J 
One year’s dues, 1916-1917, Association of American Colleges and 
EYXPELUINEH LA SUALIONS noc i-es eters) ctcicce lone eretaieis seniors reuare crete stotietere eneie Acker ZOWVOOG i eccisc eeieersce 


Buildings and land: 
LUT OL OV CAC aye ete fares ctalope dete as otoraicvefayarel state otal) ol ell Vel dhetel= oistelelevajepaielt aera fates alcretaiersiniee 116 08 


DISBURSEMENTS OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED 
FROM U. 8. TREASURER. 


SS APATICR EAS et cpatte ste ccat are Sehar'e ores tas cine -c atayaie BE ar oe Br mone cel Sue ea oh erara eee Mine cesta eae | $26.470 33 
SEI OO ae sis beta iaicipuny CCE RE CTC SCRE RCREA NCH ON OTe RO EO ROR CIC TEEN CETTE ee Tt ee er he ee 10,096 23 
PRAT CA PLOT etey aera tavan cs hacer ole) cess teva alievoh avandia Gavel anv al Ghedeusvereante ater lalosn Mea heehee ne bion | 46 43 
IROSTAEesANG BLALIONGK yi recaetectrete oe ase) ai eine ieteiees a Rie ee ee arate heme da ciiaighs Wietctatie elo nie ohels 448 73 
TG OIS NTE TAT ALOR PTESS ee ae pese ete el oc ees siretratan oer sce ldysusi ele) svehes aa tenet elena so tveue A pac ettioul tein oh eae 319 45 
@remicals-andtlaboratory aUpplesi: vec ns esius ec cicts Sense ete eas oe eel oO: 874 30 
Seeds) plantsrand iapndry, Suppliess ante 2 hace cietwio & ctelne cteters Gelaie toe eG clotine cledmaehhon 3,223 00 
PEOTUTIT ZTE sos spe otc Steger toi iny ns site el Bun ule sa tsus se Weha verona save e aveheboke ate apeistobons evakotoauars hc eieceretoreueeaeenainn ope | 107 77 
1 teve(e iia feat =}r U6 8 J Aeepinaetinecngt chesPar onc fee = cheer Ren Cic ite Me Re aeIT AAC a Pa RRC orecc ric hcney Seech PROT WRC ae | 2,616 50 
BGA TEATY, s versceke, Shee eae lone ye) 6 ceNSie aS Ser shaVoNe laa © che Siero SENS Lkataloie- ais oLolein Ouieerasie s Malbec oRte. 28 93 
LOOIRS NZEhinerysandlappliallCOss. crcyam cig coveverer tee avers cnrarci nal eee che ietevate creer atone 728 02 
MUTI Ure Ang itunes scien tote teseeetete co eretere ene a eeonet wearer enapetene coae te cyclone: crero iy skea eran 78 47 
Scientiic-apparatip and SpeCi|Nis yc... \sists/aie te «ispecies elcuetere oie ore) be Paaet tele e| choke taaeranicts 99 67 
NGL EXBUO Creche. tegehaye re Chere o cheee, are Senta acnareterats Ore, ohare oinserala vette Gra rare arate ete lane oe ees 2,137 18 
PRLAVCMUNE VEXPENBES': Sort craks atc rote) eleyaqouaer sal a aleve a exe we Yotons ayalcrdiare, tueltahe eke ee, Cros 3,852 08 
Contingent exp eMAesls cs cote crs cote akate al chavs Pete boca. Sleucs dice cnensbaht te accu cae ped eg) interes rtretne tuciottonees 5 00 
PUNE S avid amGlery. 755k ij eis cosa hs cooveceeteeren asec dat Porat he Gea Ee te co okt nal 274 71 
JECUE HACER CaN (=) C0 beth 0 6 EERE ae ot SAREE eMrERG, Eee the Mee GEA CORA Cree hem sec ates Coe ee ee 515 88 
| 
BOGAN Persea te ees OGD o, cies Stene er erate. eirche Mav a OTe tore axa here CR DET eit ae Nee $50,890 92 


REPORT OF THE DIRECTOR OF THE EXPERIMENT STATION. 


To President F. S. Kedzie: 


It is a pleasure to be able to report to you that another year’s work 
of the Experiment Station has been completed in a satisfactory way. 
Without exception the individuals of the organization have worked 
patiently, persistently and harmoniously, despite the fact that the finan- 
cial status did not permit of material increases in salaries or funds for 
conducting investigations. As the section reports are in most instances 
quite complete, I have little to add at this time, but hope during the en- 
suing year to be able to prepare for publication, a manuscript of general 
information on the work of the Experiment Station. 

The developments of the Extension division are adding greatly to the 

_demands upon the Station. County Agents and specialists were greatly 
increased in number during the year both by automatic appropriation 
increases and because of war emergency needs. The Extension men are 
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being constantly confronted by problems of an almost endless. variety 
requiring investigation by the Station. We feel the future welfare of 
IXxtension work will be dependent in large measure, to increased appro- 
priations by the state, to increase the scope and to further stimulate 
the activities of agricultural investigational work. 

We now have a large well classified mailing list, with modern ma- 
chinery, for issuing publications rapidly. The following comprises the 
classified list: 


Michigan (Lower Peumsula), <a. 2 esc 35,000 
Michigan (Upper sPeninsula) 22-2. ae ae 1,000 
Other Staves eee cw So tas easter ase ae 2,000 
Libraries, “Schools ete. i240. ec es a aoe ee 1,050 
FEUDS. - 5. spd sckoraencefloegetoueryo a adhe manent doen tae eee ete ete 250 
Foreign 25. sat ic ware wee Sees hee eine eo eee 200 
Bixtension: -WOEKEES sob. rete ceie se ee loy oe eee 150 
Press (Michigan). ses, .cs.getins << emesis 5350 
Press (Other /States), cornices «tame aae eee eee 200 
OCA 2. ace ag 5 Diss pene eek SEES IR eee 2,000 

EP Otay oc aictete reac Wace eva ee croelage Mua Rana eae 42,380 


Because of the general financial status it was not possible to issue all 
publications desired during the year. The demand for information has 
been met in part, however, by supplying those listed with some of the 
popular publications issued by the Extension division. 

The various funds of the Experiment Station were apportioned during 
the year as follows, viz.: Hatch fund salaries, $9,234.80; operating ex- 
penses, $5,765.20. Adams fund, salaries, $9,735.80; operating expenses, 
$5,264.20. The total state funds expended during the year amounted to 

$35,974.21, including $15,000 appropriated directly by the State Board 

of Agriculture, the balance of $20,974.21 being derived from license fees 
and sundry receipts. For the work of the Upper Peninsula Station at 
Chatham $12,362.67 was appropriated from the current funds of the 
College and for the South Haven Sub-Station the sum of $3,069.92. The 
total “expenditures of the Experiment Station for the year, therefore, 
amounted to $81,406.80, exceeding the funds used the preceding year by 
$9,734.30, derived almost entirely from increased receipts from fertilizer 
and feeding stuffs inspection work. 

There are three exceedingly important lines of investigational work 
which should be stimulated and developed immediately. One of these 
pertains to animal and dairy husbandry feeding investigations and an- 
other relates to land reclamation by drainage. There are numerous 
problems in farm mechanics, relating to buildings including lighting, 
heating, sanitation conveniences, etc., as well as fencing, farm machin- 
ery and other problems upon which information is desired, which can be 
supplied only after careful investigation and an additional appropriation 
of several thousand dollars would be needed to procure necessary men 
and funds with which to carry on the work. 
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The following is a list of the publications of the Station for the year: 


Popular: 
276—Commercial Feeding Stuffs. 
277—Studies in Cost of Market Milk Production. 
278—Fertilizer Analyses. 
Circular : 
31—Red Rock Wheat. 
32—Barley Improvement. 


Special: 
80—Yellow Rocket. 
81—Tomato Leaf Spot. 


Technical : 
28—The Soil Solution Obtained by the Oil Pressure Method. 
29—Cream Ripening and Its Influence. 
30—Pasteurization and Its Influence. 
31—Further Studies of the Freezing Point. 
32—The Transmission of Bact. Abortus (Bang) to New Born 
Calves Through the Ingestion of Milk. 
A Study of the Presence of Bacterium Abortus (Bang) in 
Milk. 


an 
veo 


Press: 

50—Rye Smut. 

51—The Pear Psylla. 

52—Suggestions for the Control of Foul, Brood Among Bees. 

53—Pure Cultures for Legume Inoculation. 

54—The Early Preparation of Bee Suppliers. 

55—The Extent of the Bee Diseases in Michigan. 

56—American Foul Brood a Disease of Bees. 

57—Money in Forest Planting. 

58—The Cherry Leaf Beetle. 

59—Kuropean Foul Brood and Italian Bees. 

60—Small Potatoes for Seed. 

61—Caution Against the Use of Frosted or Chilled Potatoes 
for Seed. 

62—Greater Efficiency in Bee Keeping This Year. 


Respectfully submitted, 
R. S. SHAW, 
Director of Experiment Station. 
East Lansing, Mich., June 30,.1917. 
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REPORT OF BACTERIOLOGIST. 


Director R. S. Shaw: 


Dear Sir—In my annual report for the previous year there were out- 
lined the projects under investigation in this laboratory. There have 
been no changes in the general plan during the present year. 

Mr. Cooledge reports on his Adams project, Ja, as follows: 

“One third of my time during the past year has been given to technical 

J gS I J 8 
research (Adams). I have continued my studies upon my general prob- 
lem, “Effect of Disease in the Cow on the Milk.” Additional facts which 
have developed in this work are embodied in the following papers and 
published articles: 


Further Studies upon Bact. abortus Infected Udders. 
Presented at the meeting of the Section of Sanitary and Medi- 
cal Science of the Michigan Academy of Science, March, 1917. 


A Study of the Milk in Bovine Infectious Abortion. 

By Ward Giltner, L. H. Cooledge, and I. F. Huddleson. Pre- 
sented at the meeting of the American Veterinary Medical 
Association, Detroit, Michigan, August 22, 1916. Published 
in the Journal of the American Veterinary Medical Associa- 
tion, November, 1916. 


The following articles have been submitted for publication: 


Facts Disclosed in a Study of the Presence of Bact. abortus (Bang) 
in Milk by Means of the Agglutination Test, to the Journal of 
Medical Research. 


A Study of the Presence of Bact. abortus in Milk, as Technical Bul- 
letin 33, from this Station. (L. H. Cooledge.) 


MILK CONTESTS IN MICHIGAN. 


The work supported by Hatch and State funds done under Mr. Cool- 
edge’s direction is as follows: 

“One third of my time during the past year has been given to work of 
a popular nature, (Hatch). This work has consisted in examination of 
samples of milk submitted to the laboratory for examination, corres- 
pondence with dairymen along the line of dairy hygiene and the judg- 
ing of milk contests. 

“A milk contest was judged for the Highland Park Board of Health in 
December. While this was the first contest to be held by the village 
the samples of milk scored very high. This is probably because many 
of the farmers in this section have profited by entering the numerous 
milk contests that have been conducted by the Detroit Board of Health 
and by the State Fair Association, and because Detroit and Highland 
Park milk inspectors have been working with these dairymen for many 
years. The results for samples entered by the dairymen follow: 
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SCORE OF HIGHLAND PARK MILK CONTEST (DEC., 1916). 


- « : Number of Per cent 

Classified as: Score. samples, total. 
COME N Uae ryote ce ofeyale istete aie inva arbatas wale ete obsios There S uerekle es 90-100 10 3208 
SEPT LOLS Vetoes SSDS CECI OID RGIS oCtOhG OIG O Re OR SE LOE Sere 75- 90 17 54.8 
(SHOT ea Pane duces eek amen clei ct aro RENE ee Nine ea 60- 75 2 6.4 
MSRM AERE ya cattas oh cneton obcktovey ava rens ir ielie: Saete Mee Gore eee uePet aes aim a ws avehe onal ane 50— 60 1 By 
PLOT) tg CUR ie ee REECE CRCRE OT heen ae -We NE a i aPa O-— 50 1 3.2 


Average score 85.02. 


“In connection with this contest for the dairy farmers another class 
was provided. This included samples from each dealer selling milk in 
Highland Park. The samples were taken from the wagons of the deal- 
ers without any previous notice and represent the condition of the milk 
as delivered. With the exception of the bacterial count all determina- 
tions were made upon samples of milk taken from one delivery. The 
bacterial count is the dealer’s average for the summer as run by the 
Bacteriologist of the Highland Park Board of Health. ‘This is all 
pasteurized milk. 

The results for samples taken from dealers’ wagons follow: 


SCORE OF HIGHLAND PARK MILK CONTEST (DEC., 1916)—CITY MILK DEALERS 
WAGON SAMPLES (PASTEURIZED). 


: : Number of Per cent 
Classified as: Score. samples. total. 
excellent pete <cl. a. eae bls, Svcs coy ean. Shela uke trate eee: Biaees 90-100 1 11 
"ACEI fC OG SO Nae ce Seen cee ge ee ay eS Se Ea Rh ee 5— 90 8 89 
MOOR AM mre eet etend chee eta Mec Me dais Seder en Ee een Lee ON See ea 60— 75 0 0 
PAL eee wipe oposite arene heey ete aeaneY RS etait See ioe eRe ct oe a ols 50-— 60 0 0 
ROOD are rie teeta elec Nee ee Rete a ee Bend See ee 0- 50 0 0 


Average score 81.7. 


“At the request of the Grand Rapids Board of Health a milk and 
cream contest was judged at that place early in March. It is gratify- 
ing to see the high scores that were made in this contest. Grand Rapids 
was one of the first cities in the United States to have a milk contest 
and has had an annual milk and cream contest since. 

_ “In this contest there were four classes as follows: Dealer Milk, 
Dealer Cream, Producer Milk and Producer Cream. These samples may 
be classified as follows in regard to score: 


270 STATE BOARD OF AGRICULTURE. 


SCORE GRAND RAPIDS MILK CONTEST MARCH 2, 1917. 


DEALERS CLASS——MILK. 


: Number of Per cent 
Classified as: Score. samples. total. 
IPKCENENT. © 5 Su pie mes cakes hee eee ee Aken Aen 90-100 8 57.0 
Very good oe 75— 90 5 35.8 
OOO ec 22 oe SN ce oh hee cee 60- 75 1 V2 
Wisin tees ee bare Sad Daa de eee ce Be ee ear eens 50— 60 0 0 
BOOT: >. 2704 a, 2c ei he Cee Se ie ee ee O- 50 0 0 
Average score 84.7. 2 
DEALERS CLASS—CREAM. 
Tacs APA 1 Number of Per cent 
Classified as: Score. samples. ’ totale 
BUR CCUMETIOS Prd.d sc Miers doo Rea hhsj nto bee Aceh eee, ee dere ee 90-100 4 100 
IME Ve ROOK 6 ooo Ss oc crn lee Sere Piao Sree eget ent eae eine arse 75— 90 0 0 
MOOG Bet ate, Nis Me FS ey ee Ee as tee 60-— 75 6 0 
AIT ops 4 Fe oie et eae ee Se ea i Bohne 60- 60 0 0 
POOLS se Ra ee Re RE EE Ene ot eee O— 50 0 0 
Average score 95.3. 
PRODUCERS CLASS—MILK. 
Sires Sees ‘ Number of Per cent 
Classified as: Score. samples. tatall 
EE xCellen ba oa Bcceercneat Ce it eee cate aahe Peete ST. eee oe 90-100 8 Sia 
VELY LOOM Sars, be orere ec Teaae tere ter ep ioens aie tty a ae oa) oh owe 75— 90 6 43 
OO GAS SF ay Bid Wis Been Pete BAC GU on orig ah areas 1 Seer ee 60— 75 0 0 
BAIT cis Sak foe one an ee en oe oes. Oa ea eee 50-— 60 0 0 
(PO OT Fh Oe Beer ee AE EE ME Scns OO Std O— 50 0 0 
Average score 85.3: : 
PRODUCERS CLASS—CREAM. 
qe: ~ a Number of Per cent 
Classified as: Score. samples. total 
Waellent., £2 30s eit eee ey? 90-100 5 100 
Very good 75— 90 0 0 
GOOG: oases oer ee SGA oe : 60-— 75 0 0 
TORT Ree cee ee ete a ER area ate sire me eins eM eone Sd 50— 60 0 0 
POOLE S72 Ne is 2 os ae a ee Oe Re. de a shi te ee Bea ee 0— 50 0 0 


Average score 94.7. 


“A Milk Contest was judged for the Flint Board of Health in March. 
This was their fourth annual contest. The samples entered may be 
classified as follows: 
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SCORE OF FLINT, MICHIGAN, MILK CONTEST MARCH, 1917. 
Classified as: Score. eave nes Theat 

EES COUT Gree tecs tet rcanrs Oo hein teeta chal A oh os ke Sade oar orp sroushec veges ae 90-100 14 PAD 
Vitor afore ek Ae Aeterna pore A Dict Sinic canoy Orne ac eiIce CRI 75— 90 26 50.9 
Tiyai 6 ee Cee ee ee ae De OR ear, ek DEES oc i ae eee 60— 75 5 9.8 
FUR ee aay eee ee eka aeeae rome” aa areas a rene on mt tasale. aes 50— 60 5 9.8 
LEP OTOy ean con aA SP eR PRECE t CRRCRR Sour aks Cake Citar eee ne ea gens re O- 50 1 2.0 


Average score 80.6. 


“A comparison of the scores for milk the first time entered and the 
second time entered shows the following gratifying results: In the 1916 
Grand Rapids Contest the fifteen producers who ‘also entered the 1917 
contest had an average score of 84.0. These same producers had an aver- 
age score of 91.9 in the 1917 contest. In the 1915 State Fair contest were 
four who entered the 1916 Highland Park contest. These four had an 
average score of 89.0 in the 1915 contest and of 91.0 in the 1916 contest. 

“Nineteen dairymen are found who entered two of the Flint contests. 
These nineteen had an average score of 80.8 the first time entered and 
83.3 the second trial. These results, it seems to the writer, show that 
the milk and cream contests are a factor in improving the milk supply 
in that they teach the producer how best to handle milk that it may 
reach the market in the best possible condition. The fact that in the 
second contest, in each city where more than one contest has been held, 
the producer entered § samples of milk which were greatly improved in 
quality it seems would justify the continuance of these contests on a 
greater scale.” (L. H. Cooledge.) 

I believe that the value of the milk and cream contests is sufficiently 
well demonstrated to warrant pushing this work with vigor. The pro- 
duction of better milk, purer milk and safer milk has not only its hy- 
gienic significance but ‘its economic aspects. The condemnation of milk 
as unfit for human food or for direct consumption and the lessened use 
of milk as a result of the public attitude of distrust of milk supplies is 
disastrous to dairy farming. Only by determining the criteria of safe 
milk and by determining the most economical means of satisfying such 
criteria can the market milk business be established on a sound basis. 
This applies, but with less force, to dairy manufacture. I trust that Mr. 
Cooledge will find it possible to continue this work with vigor. 

Mr. ©. W. Brown reports on his work as follows: 

“This year my attention has been centered upon: First, “Keeping 
Qualities of Butter’; second, “Lactic Acid Bacteria and Their Uses” ; 
and third, “Food Fermentations.” In addition allied subjects, some of 
which are herein briefly mentioned, received attention. 


NEUTRALIZED CREAM FOR BUTTER-MAKING. 


A vat of sour gathered cream was divided into two parts, one of 
which was neutralized with lime, and each part pasteurized in a yat 
pasteurizer at 145°F. for twenty minutes then cooled and chilled. The 
two divisions, after receiving an addition of about ten percent starter 
each, were churned at the same time in separate churns. Samples (3Ib.) 
taken from the churns just before salting and others just after salting 
were placed in paraffined paper containers and set in storage at 52° E. 
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The data obtained from the products of this vat of cream are tabulated 
below. 

The unsalted samples at the end of storage showed high acid a large 
part of which was soluble in water. Also the nitrogen in the form of 
proteoses and peptones was found to be much higher in the unsalted 
than in the salted. While these data are so few that conclusions can- 
not be drawn they indicate that butter from neutralized cream although 
not showing uniformly greater changes is less desirable for storage. 


DATA FROM A CHURNING OF SOUR CREAM AND OF NEUTRALIZED CREAM 


Sour Cream. Neutralized Cream. 
Determinations. 
Salted. | Unsalted. Salted. Unsalted. 

Ha tiCOnbent OLMGLEAII: sitet. ovcce 2 eetens 28. 28. 
FARIGI Ys Ol CECAIN ate cles) ole =ileletsiele Snes 0.54% 0.33% 
Moisture in butter..............- 13.6 14 15.3 14.5 
Scores id ays) ac cm oy. tarsotens etoun sels sete Srey. PE ahs ahaa scree SO: | 5°) ne eee eee 
Stored ato22 fOr, aie eis 315 days 315 days 315 days 315 days 
Germ count after storage: 

Litmus lactose agar............ 970,000 50,000 ,000 1,000,000 115,000,000 

NCIC ARAL a erste eetle iors cle muoioe eins 350 ,000 300,000 De , 000 

Organisms not enumerated...... few molds many molds few molds many molds 
Score‘after storage: .)....02..% 6.5%. = 84 81 82 81 
Salta eis Sosa ta nee Sled ho, ate ealehe one he DA. PORES eae een etee: | Uy Pe VS RS cir) 5 cnt 
INE GISLUTE) concise oa ehoitin- fepeistannete wisi 15 ZS 14 11 
Ncidity Ofeputien-peeem eee trr cre 0.20% 1.90% 0.70% 1.60% 

Removed by washing........... 0.025% 1.03% 0:035% 0.75% 
Nitrogen per 100 grms. butter... { lost 0.0231 0.0098 0.0207 

In proteoses and peptones.... jest lest ome F ua: 

z é 08 : : : 
In amino-acids and NH3...... { lost 0.0084 0.0080 0.0083 


*This agar is selective for torulae. 


EXAMINATION OF CHEESE. 


1. There was examined a sample of cheese containing in every small 
opening (mechanical, at time of pressing or formed later by gas) small 
masses of white material which upon examination was found to be, not 
a bacterial growth, but rather a crystalline substance. They proved to 
be crystals of a nitrogenous compound, presumably tyrosin, a product 
of cheese ripening which under this particular environment crystallized. 

2. Red ink-like spots on the rind and extending a short distance into 
a cheese were found to be the result of the growth of a red pigment 
forming bacillus (B. rudensis.) 


VINEGAR SAMPLES. 


Samples of vinegar sent in from various parts of the state by farmers, 
principally, who have had trouble in the making of vinegar were ex- 
amined and the accompanying incomplete list is offered to indicate the 
nature of the samples. Some of these samples represent a barrel or a 
number of barrels of vinegar in the making, the age of which was given 
as from a few months to two or more years. They comprise under- 
strength vinegar with the alcohol nearly or completely converted thus 
leaving a product impossible of further development of acid, and hard 
ciders which under their environment refused to change into vinegar. 
The three chief causes of trouble are: First, diseases, i e., the growth of 
a group of bacteria in the must, favored by the use of unsound fruit, by 
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extreme low acidity in the must and by a tardy alcoholic fermentation ; 
second, the presence in the must of high acidity which retards, hinders, 

or prevents the work of the yeast in transforming the sugar of ‘the juice 
into alcohol due to placing the fresh juice in ¢ asks containing a quantity 
of vinegar and to the growth of the acetic bacteria before the yeast has 
begun active work; and third, restraint of the supply of free oxygen 

(air) thus inhibiting the work of the vinegar bacteria in oxidizing the 
Eichalie liquid (hard cider) into vinegar due to the casks being full or 
nearly full and to closing or nearly closing the opening (bung) ; also 
trying to make vinegar at. too low temperatures and disturbing the cask 
during the acetic fermentation should be included as causes of trouble. 

Samples of different foods sent in for information relative to quality 
and for suggestions to prevent abnormalities have been examined and 
such information as was at hand and as was obtained, considering gen- 
eral conditions, was communicated to the inquirer. 

From our collection of strains of miscellaneous microorganisms 79 
have been prepared and sent gratuitously in response to requests from 
various educational institutions. In addition to these 7 lactie and 2 
bulgarian cultures were dispensed for dairy and therapeutic purposes 
in the state; likewise 10 alcohol-acetic cultures for vinegar inoculation. 
(Chas. W. Brown). 

Mr. Morgan reports as follows: 

“The study of the soil solution was continued throughout the year. 
The publication of the work concerning the method of obtaining the soil 
solution has been held up for a year for the lack of funds. This will ap- 
pear as Technical Bulletin No. 28, under the title of “The Soil Solution 
Obtained by the Oil Pressure Method.” This describes the method of 
procedure together with some of the results of the study of these solu- 
tions. The manuscript of an abstract of the above bulletin has been ac- 
cepted and will appear in the June number of Soil Science. 

“The manuscript describing the results of the microbial action on 
nitrogenous substances in the soil as obtained by means of the study of 
the soil solution is now ready to submit to the council for consideration 
as a Technical bulletin. This bulletin is to consist of two parts. The 
second part is on work done in cooperation with Dr. R. P. Hibbard, Re- 
search Associate in Plant Physiology, on ‘Physiological Balance in the 
Soil Solution.” Dvr. Hibbard is the author of this part. 

“The writer hopes to be able in the near future to present for publi- 
cation in some scientific Journal the preliminary work done in coopera- 
tion with Mr. W. 8. Robbins, formerly of this department, on the growth 
of the hog cholera virus in the soil solutions. Some of the results were 
gratifying, but more work is necessary to make it conclusive. 

“During the Christmas holidays I attended the annual meeting of the 
Society of American Bacteriologists held under the auspices of Yale 
University, New Haven, Connecticut.” (J. Frank Morgan). 

Mr. Morgan will continue his investigations, making use of the soil 
solution method in an effort to determine the factors, undoubtedly 
microbial, responsible for the conversion of the unavailable matter of 
peat and muck into matter available for agriculture. It is planned to 
cooperate with the muck crop specialist, Mr. Ezra Levin, of the Botanial 
Department. 

Adams project 3a, Swine Epidemics, has continued to suffer as a re- 
sult of our inability to retain the services of men employed to carry on 


EXPERIMENT STATION REPORTS. 275 


this project. Mr. L. C. Ludlum resigned at the close of the year (August 
31, 1916), too late for us to fill his place satisfactorily. H. J. Stafseth, 
graduate assistant, was put in charge of the work and it has been pos- 
sible for us to so estimate his ability and determine his qualifications 
that we felt safe in recommending him for this position. Dr. Stafseth 
will pursue the studies with special reference to hog cholera during the 
coming year. During the past year he has made preparatory studies 
which will enable him to enter upon his duties without delay. He has 
made a great many investigations for the State Live Stock Sanitary 
Commission and for others in the State. A considerable number of cases 
of avian tuberculosis has been determined. 

Mr. Huddleson submits the following report of the work that he has 
directed and accomplished during the past year: 

“My time has been devoted largely to investigations in bovine in- 
fectious abortion. Other work will be reported as miscellaneous. The 
completion of the experimental barn at the beginning of the year has 
greatly facilitated the investigation in this problem. There are now 
housed in the barn thirteen animals, including bulls and calves. Each 
animal has been used in the different problems throughout the year. I 
hope that we may be in a position to add at least twenty more heifers to 
our herd this year in order to carry out the problem of immunization 
on a more extensive scale. 

“The Study of the Transmission of Bact. abortus to New Born Calves 
Through the Ingestion of Milk” was taken up during the year 1915 under 
the direction of Mr. L. H. Cooledge. <A preliminary report (A Study of 
the Milk in Bovine Infectious Abortion, by Ward Giltner, L. H. Cool- 
edge and I. F. Huddleson) was read (by W. G.) at the Annual Meeting 
of the American Veterinary Medical Association, Detroit, August 22, 
1916. The investigation has since been continued, and a paper embody- 
ing the results and entitled, ‘The Transmission of Bact. abortus (Bang) 
Through the Ingestion of Milk’ was read by the writer at the Annual 
Meeting of the Michigan Academy of Science, March 29, 1917. The 
work will appear elsewhere in this report as Technical Bulletin No. 
32. 

“A technical article entitled ‘The Specific and Non-Specific Action of 
Rabbit Blood Serum in the Complement Fixation Test’ was published 
in the Journal of Immunology, Vol. 2, No. 2, February, 1917. A sum- 
mary of the article follows: 

“Rabbits do not develop antibodies in their blood for Bact. abortus 
when fed continually upon naturally infected milk (milk reacting to 
the agglutination and complement fixation tests for Bact. abortus). 

“The blood sera of normal rabbits possess the property of fixing com- 
plement non-specifically in the presence of Bact. abortus antigen. This 
property is not explainable at this time. 

“The problems which were outlined and to which considerable study 
has been given during the year are as follows: 


1. The immunization of cows and heifers against infectious abor- 
tion. 
(a) The same applied to guinea pigs. 


2. The length of time Bact. abortus survives when introduced into: 
(a) The uterus of cows. 
(b) The vagina of cows. 
(c) The sheath of bulls. 
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3. A comparative study of different strains of Bact. abortus. 
(a) Morphology and staining. 
(b) Cultural characteristics. 
(c) Antigenic and pathogenic properties. 


4. The longevity of Bact. abortus. 
(a) On wool, linen and silk cloth. 
(b) © In ’*soil, 
(c) In sand and soil solution. 
(d) On hay (alfalfa and straw). 


The value of different media for isolating and growing Bact. 
abortus. 


Ot 


“Immunization experiments: About one hundred heifers and cows 
have been given subcutaneous injections of killed and live suspensions of 
Bact. abortus. The first injection consisted of 10 ¢. c. of a dense suspen- 
sion of the killed organisms. The second injection given ten days after 
the first, consisted of 20 ¢. c. of a dense suspension of the live organisms. 
Single injections of the killed and of the live organisms were also admin- 
istered to a number of animals. The blood reactions of the animals 
were determined before and periodically after receiving the injections. 
Temperatures were taken and recorded after each injection. The results 
of the immunization will not be available until a later date. 

“An immunization experiment using guinea pigs was attempted in 
the following manner: Ten virgin female guinea pigs were selected for 
the experiment. The blood of each pig was tested for Bact. abortus an- 
tibodies by means of the agglutination and complement fixation tests be- 
fore the injections were given. Each of the pigs gave a negative re- 
action. Three succeeding subcutaneous injections consisting of a sus- 
pension of 10,000,000, of 100,000,000 and of 1,000,000,000 killed organ- 
isms were given at intervals of about ten days. Ten days following 
the third injection, one ¢c. c. of a dense suspension of live organisms, was 
given to each pig in the same manner. 

“Six of the pigs died before the experiment was finished. Of the re- 
maining four pigs, one aborted two months after the last injection of 
organisms and the remaining three, on autopsy, showed Bact. abortus 
lesions in the liver and spleen. Bact. abortus was isolated from these 
organs. It is evident from the results that guinea pigs are not protected 
from infectious abortion, nor is the formation of lesions in the spleen 
and liver prevented by subcutaneous injections of a killed suspension 
of organisms. 

“Two problems haye suggested themselves as a result of researches in 
immunization : 


(1) The complement fixation and agglutination tests as a means 
of differentiating between an infection and an immunity. The 
researches in this problem should not be reported at this time. 


(2) The transmission of antibodies (agglutinating and comple- 
ment binding) from mother to fetus in utero. The researches 
in this problem have been completed and will appear as a 
technical article in the October, 1917, number of the Cornell 
Veterinarian. 
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“In order to throw more light upon the time of the appearance of anti- 
bodies after an infection or immunization, two calves were injected with 
suspensions of live Bact. abortus organisms. The time of the appearance 
of the antibodies was then noted. The results are summarized in Table 
f. 

“Tt is evident from the data in Table I that the time of the appearance 
of antibodies depends upon the amount of material injected. One must 
take into consideration that the amount of material injected into the 
animals in this experiment is many times larger than that which would 
enter the body when exposed naturally to infectious material. There- 
fore, one would expect the antibody formation to take place more slowly 
as the result of natural infection. 

“Experiments to determine the length of time Bact. abortus survived 
when introduced into the vagina of cows and the sheath of bulls are de- 
seribed as follows: 

“Five cubic centimeters of a suspension of live Bact. abortus were 
placed in a gelatin capsule and introduced far up into the vagina of 
three cows. Swabs were made from the vagina twenty-four, forty-eight 
and seventy-two hours after introducing the material. The swabs were 
plated out immediately after being made. Bact. abortus was not in a 
single instance isolated from the vaginas treated in the above manner. 

“Similar experiments with two bulls were carried out by gravitating 
twenty cubic centimeters of a live suspension of Bact. abortus into the 
sheath. Swabs were made and plated out in the above described manner. 
Bact. abortus was never isolated from the sheath. 

“These experiments serve to demonstrate that, under normal condi- 
tions, Bact. abortus will not establish itself in the vagina of cows or the 
sheath of bulls. 

“A comparative study of different strains of Bact. abortus was made. 
“Morphology and staining characteristics: Apparently no difference. 

__athogenic characteristics: Apparently no difference. 

-athogenic and antigenic properties: The present data concerning 
this study reveal some very interesting facts. The results, however, 
have not been completed ow ing to the death of so many of the experi- 
mental guinea pigs. The results will be published at a later date. 

“Longevity studies of Bact. abortus:. Into suspensions of eleven dif- 
ferent strains of Bact. abortus in sterile physiological salt solution were 
placed small pieces of sterile wool, linen and silk cloth. The pieces of 
cloth were removed from the suspension of bacteria after they had be- 
come uniformly saturated and placed in sterile petri dishes. The dishes 
were kept in a well lighted room without direct sunlight. From day 
to day, pieces of each different kind of cloth were removed from the 
dishes and smeared on agar plates. The appearance of colonies was 
noted under aerobic and anaerobic conditions. None of the eleven 
strains of Bact. abortus was isolated from the wool or from the silk 
cloth after two weeks. Two of the strains were able to survive on linen 
cloth for four weeks. 

“The experiments with sterile soil, sand plus soil solution, hay and 
tap water were conducted in a manner similar to the above. The ma- 
terials were placed in sterile flasks, and to each was added one cubic 
centimeter of a suspension of Bact. abortus in sterile physiological salt 
solution. Each of the flasks of material was shaken from day to day 
and plated out to determine the presence of Bact. abortus. The follow- 
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ing results were obtained: Bact. abortus could not be isolated from soil 
after one week and from sand plus soil solution after less than seven 
days. The hay became contaminated and the experiment was discon- 
tinued. The bacteria survived in tap water for nineteen days. 

“Since other bacteria which may have grown in symbosis, antibiosis 
or metabiosis with Bact. abortus were not taken into consideration in 
these experiments, only tentative practical conclusions can be formed 
from the results. The importance of the results, however, is apparent 
when one takes into consideration the above materials as a means of 
conveying the causative organism of abortion from animal to animal 
and from one herd to another and the disaster that may result there- 
from. 

“The following combinations were employed in an effort to arrive at 
a medium upon which Bact. abortus would grow more luxuriantly and 
with greater speed: 


slood Clot agar (blood clot one volume, water two volumes), 
Ascitic agar (ascitic fluid taken from fetus), 

Amniotic agar (fluid taken from amnion). 

Fetal agar (aborted fetus ground and made up as meat infusion), 
Glycerin agar and plain agar varying in different degrees of acidity. 


Results: Bact. abortus grew well on all media excepting glycerin agar. 
and plain agar made neutral or 1.5 acid (Fuller’s Scale) to phenolph- 
thalein. Plain meat infusion agar or blood clot agar made 1.2 acid to phe- 
nolIphthalein are much more to be prefer red for the growing of Bact. abor- 
tus owing to the fact that the organism can be isolated on these media 
without difficulty when anaerobic conditions are employed (Nowak). One 
should neyer attempt to isolate Bact. abortus without employing the 
anaerobic method. The writer has found that it is absolutely impossible 
to isolate the organism under aerobic conditions. 

“Nine aborted fetuses and one still born were examined bacteriolog- 
ically during the past year. Bact. abortus was isolated from the stom- 
ach contents of eight. The organism was not isolated from the still born 
or from one of the aborted fetuses. In only one instance was the or- 
ganism isolated from the fetal blood, spleen, kidney and liver, as well as 
from the stomach content. Bact. abortus apparently establishes itself 
in the fetal stomach, and cannot be easily found in the other fetal or- 
gans. 

“During the past year 343 blood samples have been tested by the com- 
plement fixation and agglutination tests for infectious abortion of which 
156, or 39 percent gave positive reactions. These results give one a fair 
representation of the extent of the infection in the state of Michigan. 

“At the beginning of the year an abortion record sheet was designed 
for the collection of data concerning sterility, retained placenta and the 
number of aborters that give positive reactions. Forty-six of the record 
sheets were sent to different veterinarians and breeders who had sent as 
blood samples to be tested for infectious abortion. Only 28 of the sheets 
were returned. 

“The blood of 9 bulls, all located in badly infected herds, was tested 
during the year. There were 2 reactions obtained by the complement 
fixation test. 

“Experiments are being conducted at the present writing to find a 
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chemical specific for Bact. abortus in vitro and in vivo. Formaldehyde, 
mercuric iodide and Dakin’s solution are giving very promising results. 
The work should not be reported at this time. 

“A study of the bacterial flora of the generative organs of the cow was 
taken up by Mr. W. C. Keck at the beginning of the year and later com- 
pleted by Mr. Bolton and the writer. (This is a problem that this lab- 
oratory has had under consideration for about eight years. W. G.) The 
results are as follows: Swabs for the determination of the bacterical 
flora were made from 30 cows. Of the 30 cows, swabs were made from 
the vaginas of 30, from the uteri of 23. Thirty-four different organisms 
were isolated from the vaginas and 24 from the uteri. There were 52 
different organisms isolated, 5 of which occurred in both uterus and 
vagina. There were no two cows which showed an identical flora in 
either the uterus or the vagina. There was very little similarity in the 
bacterial flora of any two cows. Swabs were made. from the sheath of 
several bulls and of the organisms isolated (20 in number) only one or- 
ganism was found to occur in the sheath of bulls that did not occur in 
the uterus and vagina of cows. 

“Organisms were found as follows: Bacterium 22, Bacillus 3, Micro- 
cocus 11, Streptococcus 4. Apparently the predominating organisms be- 
long to the genus Bacterium. The media used for isolating the organ- 
isms were plain agar (1.2 acid to phelolphthalein) and neutral plain 
agar. In the course of the work it was found that many of the organisms 
would appear only on neutral media. As the body fluids are slightly 
alkaline there is every reason to believe that many of the bacteria exist- 
ing under such condition would require an artificial medium having a 
similar reaction. 

“Mr. Manuel Justo, graduate student in this department, has com- 
pleted a comparative study between the bacterial flora of the udder and 
that of the genital organs of the cow. His brief conclusions are as fol- 
lows: First: The normal bacterial flora of the udder is comprised of 
microorganisms which belong to two types, the micrococci and the 
staphylococci, varying in pigment production, fermentation reactions, 
hemolytic power, and the other tests to which they have been subjected. 

Second: Of the twenty-five different samples of milk studied, these 
two types have been considered as representing the bacterial flora of the 
normal udder. This does not preclude the possibility that, had a larger 
number of samples been studied and more colonies subjected to exami- 
nation, other types might have been isolated. 

Third: The comparative study between the organisms isolated from 
the udder and those isolated from the genital organs reveals no close 
similarity between the bacterial flora of these two sources. 


HEMORRHAGIC SEPTICEMIA. 


“Hemorrhagic septicemia of the bovine has become a very important 
problem in Michigan during the past year. In fact, the number of re- 
ported outbreaks that come to our attention seems to be on the increase 
from year to year. Laboratory diagnosis of this disease has been con- 
firmed by animal inoculation from infected tissue for Dr. Dunphy, 
State Veterinarian, on the following dates: October 31st, November 5th, 
November Sth, November 10th, November 21st, December 13th, 1916 and 
on March 8rd, March 20th, April 4th, and April 25th, 1917. 

“An attempt is being made to employ the agglutination and comple- 
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ment fixation tests in the diagnosis of hemorrhagic septicemia. En- 
couraging results have been obtained with the complement fixation tests. 
The greatest trouble lies in the delayed non-specific reaction caused by 
normal serum. An attempt is being made to overcome this difficulty at 
the present writing. The agglutination test has given only negative 
results. 

“The following trips have been taken during the year: 

October 5th and 27th, accompanied Dr. E. T. Hallman to Howell to 
treat herd for sterility. 

April ist, visited dairy farm near Coldwater to outline treatment for 
abortion and apply abortion vaccine treatment. 

June 15th-16th, collected abortion material from Parker and Webb 
packinghouse at Detroit. 


CASE REPORTS. 


“Sterility: This cow gave birth to her first normal heifer calf May 
28, 1916. About six weeks after calving she was noticed to be in es- 
trum and was served by the herd bull on the same day. She was noticed 
to be in oestrum on the following day and for several days succeeding. 
The ovaries were palpated through the rectum and each found to con- 
tain a large cyst. The cysts were removed by pressure. The cow was 
placed on pasture during the summer and was not observed until Sep- 
tember. The ovaries were again palpated, found to be cystic and the 
cysts were removed. This procedure was carried out about once every 
month. Oestrum occurred weekly. On March 22, 1917, ovariotomy was 
performed and the right ovary was removed. The ovary contained two 
cysts about one inch in diameter. The cystic fluid was examined bac- 
teriologically for organisms, with negative results. On April 30th, the 
cow was slaughtered. The uterus was normal in size and contained 
very little mucous exudate. The remaining left ovary contained a cyst 
about 1.5 inches in diameter. A bacteriological examination of the 
cystic fluid revealed no organisms. The same was made of the uterus, 
pelvic lymph glands and udder. A few micrococci and staphylococci 
were found in the uterus and lymph glands and micrococci and Bact. 
abortus from the udder tissue. Only two colonies of Bact. abortus were 
found on the entire number (25) of plates made from the udder tissue. 

“Granular Vaginitis: This herd of dairy cows came to our attention 
through Dr. McKercher and Dr. Keck of Lansing. The owner reported 
that he was having considerable trouble to get his cows to conceive. He had 
had no abortion in his herd. On examination of the animals, it was 
found that nearly every cow, including the calves, were affected with 
granular vaginitis. Nine cows were selected indiscriminately through- 
out the herd and the blood tested by means of the agglutination and com- 
plement fixation tests for infectious abortion. Not one of the samples 
tested gave a positive reaction. 

“Acute Interstitial Nepritis of the Equine: A report concerning a 
number of interesting cases of this disease in suckling colts has been ac- 
cepted for publication by the Journal of the American Veterinary Medi- 
cal Association, under joint authorship of Dr. E. T. Hallman and the 
writer.” (I. F. Huddleson). 

The abortion problem is one of the big problems confronting Michigan 
agriculture, perhaps the biggest menace to animal industry. Mr. Hud- 
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dleson is attacking it with energy and intelligence. More funds should 
be available for additional men and equipment. 

Miss Northrup, Assistant Bacteriologist, submits the following re- 
port on bacteriological water analyses from July 1, 1916, to June 30, 
Poh: 

“During the past fiscal year forty-five samples of water were analyzed. 
All except five of these were from wells from rural communities. Fifteen 
of the latter, 37.5%, showed a bacterial count of less than 100 per cubie 
centimeter of water, and two of these thirteen contained no organisms 
which would grow on litmus lactose agar at 37°C. An important fact 
however is to be noted,—five of the fifteen samples showing this tow 
bacterial count were more or less polluted with intestinal organisms of 
the colon type. This shows that the bacterial count alone cannot be de- 
pended upon to indicate the purity of water. Water of this type is most 
dangerous as it is deceiving to the consumer and also to the analyst un- 
less he uses a considerable number of tests some one or two of which 
will give positive results. 

“Eleven samples contained between 100 and 1,000 bacteria per e. ¢. 
five of these showed sewage contamination. The remaining nineteen 
contained from 1,000 to 8,000 bacteria per c. ¢. with four exceptions the 
counts of which ran over 16,000, 22,000, 45,000 and 83,000 per ec. e¢. 

“These analyses perhaps in some cases are not in any way indicative 
of the sanitary condition of the water just as it was drawn; there are 
so many factors that may enter into this problem and complcate mat- 
ters or change them entirely before the analyst gets the sample. Some 
of these are the container, the stopper or cover of the container, the 
technic of obtaining the sample, the method of shipping and the time 
on the road, all of which are in a large measure beyond the analyst’s 
control. For example, water samples are frequently sent in lemon or 
vanilla extract bottles, liniment bottles, ete., with the original cork 
which may contain enough of certain essential oils or other compounds 
to have a decided antiseptic effect on the organisms present. Other bot- 
tles may contain small amounts of substances which will serve as a food 
and thus cause the bacteria to multiply enormously. Handling sterile 
containers may be done in such a way as to contaminate them with or- 
ganisms of the sewage type. An instance of this occurred this year. 
Two samples were sent in for analysis from a large farm near Grand 
Rapids both of which proved to. be contaminated. A letter to this effect 
produced great surprise to the sender and when the conditions surreund- 
ing the wells were noted they seemed ideal. The suggestion was then 
made to him that this contamination resulted from improper handling 
of the containers. A second sample analyzed after the suggestion was 
made use of proved the point. 

“Tt seems as if the people of Michigan should be made acquainted 
through this college, not only with the proper way to obtain and ship 
water samples for bacteriological analysis, but with the proper methods 
of well construction and of sewage disposal which are of equal import- 
ance in determining the health of the rural population. 

“One water sample from a deep spring was sent.in for determination 
of green material present. On microscopical examination this proved 
to be due to a microscopic form of plant life called Protococcus. An- 
other which was sent in for determination of cause of a brown scum 
proved to be affected by the growth of iron bacteria. 
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“A bottle containing a 10% solution of Rochelle salt, potassium and 
sodium tartrate, was sent in to determine the cause of the brownish- 
black growths found in it. Cultural methods and microscopical exami- 
nation showed the presence of two molds, a Penicillium and an uniden- 
tified pink mold. (Zae Northrup). 

Miss Northrup also submits an initial report on bacteriological can- 
ning problems for year 1916-1917: 

“This past year studies have been made on spoiled canned goods both 
domestically and commercially prepared. The few samples of home 
canned goods analyzed were miscellaneous vegetables and fruits canned 
by the cold-pack method in glass ‘self-sealer’ cans. Most of the canned 
foods examined were commercial goods (canned in tin) and the ‘spoiled’ 
cans analyzed have been either ‘swells’ or ‘springers.’”. On account of the 
difficulty in obtaining samples of spoiled home-canned foods for investi- 
gation arrangements were made with the wholesale grocers in Lansing 
to furnish our laboratory with any spoiled cans which they happened to 
have. In this way we have obtained quite a number of samples of dif- 
ferent vegetables and fruits for analysis. 

“Analyses are made to determine the number of aerobic and anaerobic 
microorganisms per cubic centimeter in the liquid, the gases quantita- 
tively and qualitatively and the reaction of the liquid. Direct micro- 
scopical examination is made of the liquid to determine the presence of 
microorganisms. When found by cultural methods, they are isolated 
and studies necessary for their identification are made; their resistance 
to heat and to acids is also determined, in fact every effort is made to 
see whether these organisms have anything to do with the particular 
type of spoilage in the food from which they are isolated. 

“Many cans have proved to be sterile. This may not be a correct 
statement, however, as the methods employed for analyses with these 
particular cans may not have been the right ones. This is one of the 
difficulties to be overcome. 

“Bacteria have been isolated from spoiled cans of commercially pre- 
pared fruits and vegetables. In some cases it has been possible to repro- 
duce spoilage, i. e. ‘swells’ by inoculating a sterile can of a fruit or vege- 
table with the organism obtained from a spoiled can of the same fruit or 
vegetable. Enough work has been done already to show us many faults 
in the methods, consequently at present we are attempting to perfect our 
apparatus and technic. Mr. Leroy W. Mallman, Miss Elsa Schueren 
and Mr. Glen I. Blades have contributed largely to the production of 
the data obtained. 

“A completely equipped canning kitchen has been installed in the 
basement of our laboratory and in cooperation with Mr. Lindemann 
and Miss Cowles, who are going to do experimental work in canning, 
we expect to learn at first hand some of the problems of the home can- 
ner with the advantage that data will be obtainable on every stage of 
the process.” (Zae Northrup). 

Mr. Charles G. Nobles submits the following report: 

“The past year has been spent with two phases of work with nodule 
forming bacteria, the production and distribution of cultures and inves- 
tigation or experimental work. During the spring from April 1st to 
July Ist my time has been given over almost entirely to the details of 
preparation of media, inoculation and disposal of the cultures. 
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EXPERIMENTAL WORK. 


“Two hundred isolations have been made of Ps.- radicicola from al- 
falfa, clover, peas, beans, soy beans and yvetch. These are to be used in 
making extensive inoculations to study variations of the various strains 
of the organisms. Before progress could be made with this study it was 
necessary to devise or secure a satisfactory method of determining the 
infecting power of the organisms. Nitrogen-free agar has been tr ied but 
unsatisfactory results have been common. | Sterile sawdust has been 
used to cover the surface of the agar. This gives indications of prevent- 
ing contamination and providing a desirable. medium in which the seeds 
may germinate. This also retards evaporation from the agar. Another 
method was tried with promising results. Several pieces of gravel were 
placed in test tubes of about one inch diameter. These tubes were 
mounted on foot. Small capillary tubes were placed in each test tube 
for use in watering the plants from the bottom. Soils and sand were 
tried in these. It was found that a compost rich in organic matter gave 
better results than sand. Muck obtained from a cultivated field when 
used to grow legumes resulted in the formation of nodules on red clover, 
alfalfa, common beans, Canada peas, soy beans and winter vetch with. 
out artificial inoculation. 


SUMMARY OF QUESTIONNAIRE. 


“The information obtained by a questionnaire sent to each of the ex- 
periment stations in the United States is summarized in Table I. The 
points about which information of particular interest was secured are 
in order of the columns of the table as follows: (1) Whether the prac- 
tice of inoculation is extensively practiced, (2 ) and (3) the legumes re- 
quiring and not needing inoculation, (4) whether inoculation is prin- 
cipally by soil or pure cultures, (5), (6) and (7) refer to the furnishing 
of cultures, (8) gives an estimate of the percentage of successful inocula. 
tions, (9) gives the answer as yes or no regarding the desirability of en- 
couraging the practice of inoculation by pure culture, (10) gives opin- 
ions on the reliability of commercial cultures, (11) contains answers to 
the question, ‘After once inoculating a field do you think subsequent in- 
oculations necessary for the same legume grown in rotation with three 
years non-legumes or legumes requiring a different strain of Ps. radi- 
cicola ?” (12) refers to extension work with inoculation and (13) gives 
the number of bulletins or circulars published by the station on the 
subject. i 
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*See reference to column (11) preceding Table I. 

S. Clo. epreet Clover. 
Soy Beans. 

Vetch. 
C. Red Clover. 

Cow Pea. 

. C. Crimson Clover. 
( 1) Soil from field sent out to farmer 
(2) Glue method of inoculation, hens 86, Ill. Exp. Sta 
(3) Ashby’s agar used to propogate organism. Ciltaes rdistributed in sand. 
(4) Medium given in Bul. 71, p. 27, V. A. I. 


“The table above reveals some interesting facts. 


It shows that, while 


the ay, new practice of soil inoculation has been employed 


288 STATE BOARD OF AGRICULTURE. 

very widely, yet no investigational work is recorded that would specify 
need of inoculation of any legume except alfalfa. Methods of seed and 
soil treatment have been devised but the field of their applicability has 
not been satisfactorily settled. A great part of the material on the sub- 
ject is a matter of opinion as far as the application of the inoculation to 
practical farm conditions is concerned. 

“Neither the legumes requiring nor those not requiring inoculation 
were definitely stated. Alfalfa is more commonly treated than any 
other. Eyery station that mentioned a need of inoculation for any crop 
included alfalfa. The extent of the use of the soil and pure culture 
methods of treatment was about equal. No station expressed a prefer- 
ence for pure culture while, as will be noted, several perfer soil. Illinois, 
however, is the only station that shows an attitude of antagonism to 
pure culture. 

REVIEW OF REPORTS. 

“The furnishing of pure cultures for legume inoculation was taken up 
somewhat as an experiment. To ascertain the results of seed inoculation 
report blanks have accompanied each culture sent and a request is made 
to return this properly filled out with data of the crop that show the 
influence of inoculation. Not only have the number of reports received 
been disappointing but also in many instances the information and an- 
swers they contain. The reports returned in 1914, 1915 and 1916 total 
224 while during the same period, 24,444 cultures were sent out. 

“The first detail considered in reviewing these reports is the farmer’s 
estimate of whether their crop was benefited. The following table con- 
tains a summary of the answers to the question ‘Was your crop benefited 
by the treatment?’ It was thought advisable where some factor was 
definitely known to have interfered with the crop not to include the re- 
ports in column 1 and 2 but to class them as indifferent—column 3. 


TABLE II—SUMMARY OF INOCULATION REPORTS. 
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* B. Benefited, N. B. Not benefited, I. Indifferent. 


“The reports on legumes other than alfalfa have been so few that they 
have little value in concluding as to the success of inoculation of these 
crops. Because of this the alfalfa reports are the only ones to be far- 
ther considered in noting the influence of various faetors on inoculation. 
Many reports received did not indicate that sufficient precaution had 
been taken in carrying out the experiment to warrant the answer given 
to the question respecting benefit to crop. For instance, although there 
was no seed planted uninoculated, the answer would be that the crop 


EXPERIMENT STATION REPORTS. 289 


was benefited. While the decision of a farmer may haye resulted from 
intelligent observation and study of his. crops from year to year yet these 
data should hardly be considered seriously as evidence for or against in- 
oculation. 

“Table III is my estimate of the benefited, not benefited and indiffer- 
ent. In this only alfalfa is considered. All reports that show evidence 
of the farmers not having followed suggestions for the comparison of 
treated and untreated are classed as indifferent. 


TABLE III. 
Benefited. | , , Not Indifferent 
* benefited. : 
Lae ae ee ieee we SR ee Pe oe | Dh hi Suc ine, huape onetans 23 1S 33 
TES be Raat ee tn tee BoA eee ae aR dene 2 - eaten te ie Coes oe eee Oe oe eae 18 8 12 
LUO GS ea eRe eet CES Se fa Poe eh gee ar ee eel re a eee ee | 8 17 


“Even by following this conservative arrangement of reports the num- 
ber of instances of benefit is sufficiently high to emphasize the success 
of cultures for alfalfa. In 1916, of the eight instances where the crop 
was not benefited, four reported the lack of nodules on the inoculated 
plants as well as on the treated. In either case the poor results might, 
of course, be due to improper handling of the culture and the treated 
seed. 

“Following the farmers’ estimate of benefit to their crops a study was 
made of the reports to ascertain if possible the influence of the crop man- 
agement upon the success of inoculation. The definiteness and conse- 
quent value of this review, being determined by the success of the crop 
instead of the success of inoculation, is questionable. Table IV is a re- 
view of the results of liming as compared to not liming. In the light of 
the general opinion concerning the necessity of liming, to not only as- 
sure nodule formation but also crop success, the figures are surprising 
if taken seriously. 


TABLE IV.—INFLUENCE OF LIMING. 


Limed. Not Limed. 


Not Not 
Benefited. | penefited, | different.| Benefited. | pon efited. | Indifferent. 


THe Oe Loads tne DIO OD ERR OI OG 26 6 3 28 5 3 
AIS See itis Bao oe cote eee 12 2 2 5 2 0 
a IU cars oy Ronee 0 DIAG Aco oan tac aca 14 2 12 5 5 


“Table V. VI and VII respectively are reviews of dates of seeding, soil 
types and nurse crop on the relative numbers of successes and failures. 
None of these contains sufficiently conclusive data to justify any de- 
cision. 

37 
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TABLE V.—INFLUENCE OF DATE OF SEEDING. 


April. May. June. | July. August. September. 


1914 | 4 0 0 | 16 5 sah ali 3 1 9 2 2 | 1s 1 oO); 4 0 0 
1915 ; 4 1 10) 6 2 0 9 3 2 3 0 0 6 1 0 | 1 0 | a) 
1916:...1 Be] On| ao) 7 Pele Dele Sa Aeon 3h] SOR Walk en anon| om serene 
| | 
TABLE VI.—INFLUENCE OF SOIL TYPES. 
Gravel. Sand Loam. Sand. Clay to Clay Loam. 
| | fe 
B N.B I B as I B PB I B ‘NB 1g 
fan RA ee 
TOM ss. eye i 0 6 6 0 a 24 | iJ | 2 
LOMO Ns bepaie 4 0 0 10 1 1 3 0 1 12 5 Ned eer 
TOUS ME Hes A 2 0 | 0 | 0 6 1 | 4 8 | 3 | 3 
TABLE VII.—INFLUENCE OF NURSE CROP. 
Barley. Oats. Rye. Wheat. Corn. No Nurse 
Crop. 
| | 
B. |N.B. | I. | Ba NB: Ei SBe |NEBs| 0s 1B. IN-Bs) Te | Be INS8s| Pe se ee ieee eles 
aS CEE aes acereretl ee 
LOD ose 0 J 0 | 10 2 2 0 0 0 1 0 0 0 0 | 32 6 3 
OMS renege 2 0 0 2 1 0 0 0 0 0 0 0 0 0 0} 15 3 2 
LOWER Sa) 0 1 4 0 1 2 1 0 0 0 0 DU tess 7 2 
| 
Also Buckwheat 1, Indifferent. 


“Indications are that a higher percent of success results from seed- 
lings in April or early spring, late summer and early fall. These data 
undoubtedly apply more to alfalfa cultivation than to inoculation. 

“Of the reports. of 1914, ten either specifically mentioned a high or- 
ganic matter content of the soil, implied it, or stated that manure had 
been applied to the field. Of these reports every one was affirmative re- 
garding the success of inoculation, the most emphatic announcements of 
success being included among them. 


GENERAL DISCUSSION. 


“The value of all results must be minimized by the fact that no two 
men would have similiar standards for judging their results. Depend- 
ance on the public for a verdict on inoculation as indicated by these re- 
views is unsatisfactory and emphasizes the need of a field study of 
legumes and inoculation. Although cultures have been furnished for 
eight years yet we are in no position to say that Michigan legumes ex- 
cept alfalfa have been or can be materially benefited by inoculation. We 
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are suffering from a lack of knowledge of the natural distribution of the 
various strains of the nodule forming bacteria and because of the com- 
parative ignorance of the effect of various factors upon infection and 
the subsequent influence of the infection by Ps. radicicola. 


SUMMARY. 


“1. Pure cultures for alfalfa, from the indication of the reports have 
been highly successful. 

“2. No conclusion can be made regarding the value of inoculation of 
other legumes than alfalfa. 

“3. No satisfactory conclusion can be derived regarding the influ- 
ence of liming, date of seeding or nurse crop on inoculation. 

“4, The presence of organic matter favors success with inocula- 
tion.” (Charles G. Nobles). 

“We have submitted to you for publication herein a great many re- 
ports on matters that can be recorded conveniently only through this 
channel and which would not be otherwise brought to public attention. 
I wish to commend highly the faithful and energetic services of all those 
_ Who have contributed to this report, to assure you of their loyalty and 
devotion to the purposes of the Experiment Station and to convey to you 
for them and for myself an expression of our appreciation of your con- 
stant assistance and sympathetic counsel during the past year. 

Respectfully, 
WARD GILTNER, 
Bacteriologist. 
ast Lansing, Mich., June 30, 1917. 


REPORT OF THE BOTANIST. 


Dean R. S. Shaw, College: 


Dear Sir:—I hand you herewith my report as Botanist of the Experi- 
ment Station. 

The botanical staff for the past year has consisted of myself, Dr. G. H. 
Coons, Research Associate in Plant Pathology, Dr. R. P. Hibbard, Re- 
search Associate in Plant Physiology, J. H. Muncie, Assistant in Plant 
Pathology, and, for part of the year, H. L. Lewis and R. Nelson, Quar- 
ter-time Graduate Assistants. R. W. Goss continued as an assistant in 
plant pathology on some potato disease work for part of the summer of 
1916. In addition to these, considerable labor, chiefly of students, has 
been employed in the care of field plots, preparation of culture media, 
taking of routine records, ete. 

My work had been the coordination of the botanical work of the Col- 
lege and Experiment Station, the general supervision of all the botan- 
ical work of other members of the staff and in particular the supervi- 
sion of the cooperative cucumber disease work. I planned a small piece 
of work on rye smut which was carried out with the assistance of W. K. 
Makemson, a graduate student in Botany. 

The cooperative work on cucumber diseases lad been carried on 
through an arrangement between the H. J. Heinz Pickle Company of 
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Pittsburgh, Pa., the U. S. Department of Agriculture, and the Experi- 
ment Stations of Michigan, Indiana and Wisconsin. The Heinz Com- 
pany established Heinz Industrial Fellowships at this institution and at 
Purdue University and the University of Wisconsin, paying the salary 
of one graduate student at each institution and his field expenses during 
the summer. These students were assigned different diseases of the cu- 
cumber for investigation, these being their major graduate subjects. 
Their summers are spent at field stations in their respective states where 
their whole time is devoted to their major problems from their practical 
aspects as well as from the laboratory standpoint. The Bureau of Plant 
Industry of the U. S. Department of Agriculture is represented by Mr. 
W. W. Gilbert, who has had general charge of the work and has at- 
tempted to so coordinate the investigations that there should be as little 
duplication of work as possible. One field man was also provided for 
each field station to do spraying, take records, ete. The fields and build- 
ings for the field stations and the labor and fertilizers connected there- 
with were furnished by the Heinz Company. The laboratory equipment 
for the Michigan field station situated at Big Rapids, was loaned by the 
Botanical Division of this Station. I had charge of the work of the 
Industrial Fellow assigned to Michigan, planning and overseeing his - 
work at the College and also at the field station. Mr. 8S. P. Doolittle be- 
gan as our Industrial Fellow in May, 1914, on an agreement between the 
Heinz Pickle Company and this Experiment Station and College, a year 
before similar fellowships were established at Indiana and Wisconsin 
or the U. S. Department of Agriculture became a party to the agree- 
ment. He was stationed at Hamilton for that season, beginning work 
on the disease since known as Cucumber Mosaic, as well as on Cucum- 
ber Scab. He continued the work on these two diseases during the en- 
suing College year, receiving his M. S. degree in June, 1915, with a the- 
sis entitled “Cucumber Scab caused by Cladosporium cucumerinum.” 
This was published in the 1915 Report of the Michigan Academy of 
Science. The field laboratory in 1915 and 1916 was located at Big 
Rapids. These two summers and the intervening college year Mr. Doo- 
little devoted to an intensive study of the mosaic, which he demonstrated 
to be a communicable disease, carried by several kinds of insects, by the 
hands of the pickers, and by any means which would break the cells of 
a diseased plant so as to permit the escape of the juices and allow them 
to reach a similar break on a healthy plant. He also showed that squash, 
muskmelon and other members of the family were subject to the same 
disease and that it could be transmitted from one to the other by the 
means mentioned above. No causal organism could be demonstrated 
and the juices were found to be still infectious even after filtering 
through certain grades of porcelain (bacteriological) filters, demon- 
strating that the organism that causes the disease, if there be one, is ex- 
tremely minute. The disease is one of a great class of little understood 
diseases of which the mosaic of tobacco has been given a great deal of 
study. Other diseases apparently closely related to it are peach yel- 
lows and little peach, mosaic of potato, of bean, of raspberry, ete. In 
the April, 1916, number of the periodical Phytopathology Mr. Doolittle 
published a short note upon the results of his cucumber mosaic work. 
At the close of the summer of 1916 Mr. Doolittle decided to go to the 
University of Wisconsin to complete his work for the degree Ph. D. The 
fellowship at that institution having become vacant, the Heinz Com- 
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pany transferred him to that fellowship and discontinued the Michigan 
fellowship for the present. 

In connection with this work I visited the experimental field and lab- 
oratory at Big Rapids twice last summer and attended a conference of 
representatives of parties to the agreement at Pittsburgh in January of 
this year. 

I had hoped that conditions might be such that I might take up, with 
some assistance, the broader question of mosaic diseases in general, but 
under the present adverse financial conditions I have not been able to 
have funds assigned for this purpose or to so arrange to be relieved of 
certain of my work as to have more time available to put into the re- 
search. Yet it is a line of work that in the long run should bring ex- 
ceedingly valuable results. If the suspected relation of peach yellows 
and little peach to the mosaic type of disease can be proved we will have 
taken a long step towards the solution of the elimination of these dis- 
eases. Indeed, it seems to me rather a reproach upon this institution 
that these two diseases, among the most serious peach troubles known 
anywhere, have been left untouched for so many years. 

I wish to call attention again to the great importance of a plant dis- 
ease survey in Michigan in order that the more serious diseases may be 
caught in their incipiency and that furthermore the most important 
problems, i. e., those most in need of solution may be discovered. It is 
extremely regrettable that the limitations of funds are so great that we 
cannot get out into the field more, so as to learn by personal observation 
the practical questions that need to be solved. The County Agents bring 
many things to our attention but they are very busy along other lines 
and are not trained plant pathologists and so cannot recognize these 
troubles until they are very serious. The most serious fault of having 
the extension work so sharply marked off from the investigational work 
is that it cuts off many of the points of contact that formerly existed be- 
tween the investigator and the farmer. I still maintain that the man 
who can explain a plant disease and its control to a farmer most 
efficiently is the man who knows the disease first hand, and not a man 
whose knowledge of it is hazy or at best second or third hand. Further- 
more, while the investigator is out in the field explaining and demon- 
strating he is also being given an opportunity, very much needed, to get 
into contact with methods of actual farm practice which may enable 
him to work out control methods that are practicable. . 

I wish to call special attention to the work that Dr. Hibbard is carry- 
ing on. For several years he has been engaged on the investigation of 
the physiological phenomena of absorption of mineral nutrients by 
plants and of the best balance to be maintained between these nutrients 
in the solution. Having verified the results obtained by certain investi- 
gators and discovered certain other points himself he is now taking the 
next step, that of attempting to apply his knowledge to the study of 
plants growing in the soil. It seems as if he has devised a method by 
which it can be predicted with some degree of assurance what types of 
fertilizers must be used on the soils under investigation. It is unsafe to 
say that this method will work for all types of soils, for but few have 
been tried, yet the beginning is very promising. I regret especially that 
the shortage of funds was such that he has not been able to have a well 
trained man to assist him in the cultural work which, if the investiga- 
tions are to be pushed, requires a lot of time in preparing culture solu- 
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tions, setting up cultures, measuring and weighing plants, recording: re- 
sults, ete. Dr. Hibbard has employed students to help in this, but their 
time is not always at his disposal when it is most convenient for him to 
use them. It is therefore highly desirable that such a trained assist- 
ant as mentioned above be employed at the earliest opportunity. 

I append herewith the reports of Dr. Hibbard, Mr. Muncie and Dr. 
Coons, on their work for the past year as well as five brief supplement- 
ary reports. I urge that you attempt to arrange that my report together 
with all these appended reports be issued together as a reprint from the 
Board Report and that 500 copies be furnished to this division for dis- 
tribution among persons interested. 

Respectfully submitted, 
ERNST A. BESSEY, 
Botanist. 
East Lansing, Mich., June 30, 1917. 


PLANT PHYSIOLOGY. 


Prof. E. A. Bessey, College: 


Dear Professor Bessey: At your request I herewith submit the follow- 
ing report of the work in Plant Physiology for the year ending June 30, 
L907: 

No change has been made in the distribution of the time between the 
College and the Station. Approximately °4 of the time has been devoted 
to investigation and 75 to teaching. It is appreciated by the writer that 
there is another phase of endeavor open to the plant physiologist in the 
line of extension work, but as yet this field has not been touched for 
various reasons. It has been acknowledged by a few for some time back 
and now many are awakening to the fact that the extension specialist is 
dependent on the results of the experiment station work. Many lines 
of investigation have suffered as a result of present economic conditions 
to such a degree that the National Research Council has especially em- 
phasized the importance of continuing all research as before. Unless 
funds and a trained assistant can be obtained to carry on station work 
it would be unwise to make more than a newspaper campaign along ex- 
tension lines. This has been done from the beginning of the present ex- 
tension publicity work. The writer has talked with a few extension 
leaders and county agents and all agree to the necessity for work in 
plant physiology and some of the county agents’ problems have been 
discussed. 

All the investigational work for the station has been supported by 
the Adams’ Fund and is being conducted along the same general lines 
and under the same title as proposed in April, 1915, namely, “The ab- 
sorption of solutes by plants with especial reference to balanced solu- 
tions.” By way of brief summary, the following may be said in regard 
to the progress made in this investigation since the last report. 

Repeated experiments with a three-salt nutrient solution under differ- 
ent sets of conditions have shown that the conclusions drawn by Shive 
in regard to its suitability and efficiency when compared to all other 
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nutrient or standard solutions are well taken. It is likely that this so- 
lution will supplant the four, five, or six salt solutions, since it 
contains every one of the elements said to be absolutely essential, 
and simplifies the routine work necessary for a study of salt ratios. 
There has been considerable criticism of water culture methods in gen- 
eral, and some of these have been well founded. Most of the work al- 
ready published on the matter consists of but little more than growing 
plants in different solutions and recording the differences in height and 
judging a plant from a few other merely qualitative criteria. The work 
should be more scientific and an attempt be made to analyze the results 
produced on plants such as the effect on the physiological processes, ete. 
Sand, soil, and field studies should be made and a practical applica- 
tion brought to the front. The lack of control methods becomes more 
apparent as field studies are approached and this is where but little work 
of a quantitative nature has been done. 

In regard to salt ratios or physiological balance, it is true that some 
ratios in a single series cause better growth than others, and one can be 
found better than any other but no two or more series of cultures seem 
to agree on any one set of the ratios. However, it can be said that they 
are located near each other in the same restricted area. Variations in 
individual plants, difference in vigor, susceptibility, and different en- 
vironmental conditions might account for this lack of identical agree- 
ment. The problem is open for further study. 

In regard to solute absorption in distilled water nutrient solution, 
this much may be said. Cryoscopic and conductivity determinations 
have shown that where the ratios are such as give the best yields in 
wheat the concentration of the solution has been reduced the most and 
when the ratios have given the poorest yields the concentration has 
changed but little, all of which leads to the belief that the optimum 
ratio or physiological balance tends towards a more efficient absorp- 
tion. 

From the work with distilled water, the next logical advance would 
be studies with the soil solution. The soil solution was supplied by the 
Bacteriological Department, through the courtesy of Mr. Morgan, who 
cooperated in this investigation. The subject matter has been brought 
together and is ready to be passed on for publication under the title, 
“Physiological Balance in the Soil Solution.” 

The soils, one fertile and one infertile, were extracted. These two 
different solutions formed the basis of three experiments. The solution 
from the poor soil possessed a low initial concentration and was treated 
with all possible ratios of three salts varying in increments of 10 per- 
cent. This study showed what ratio of salts in this particular soil so- 
lution gave the best growth and greatest yield, and when compared with 
the best ratio in a distilled water culture showed that an excess of potas- 
sium and phosphoric acid was beneficial. When acid potassium phosphate 
in the dried form was added to a sample of soil similar to that from which 
the solution was extracted it gave a yield of wheat considerably above the 
control. This seems to show that a study of the soil solution indicates the 
chemical needs of the soil from which the solution was extracted. 

Next the good soil solution was treated in the same manner. Its 
initial concentration was high. A different ratio of salts proved to give 
the highest yield. When compared with the ratio in distilled water cul- 
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tures it was learned that calcium nitrate was necessary. When this 
was added to the dry soil the yield was considerably greater than in the 
control. 

A third experiment consisted in using the good soil solution but at a 
much reduced concentration. The initial concentration was the same 
as that possessed by the poor soil solution. Here a different ratio ac- 
counted for the high yield but it still showed as above that the soil 
needed calcium nitrate.  . 

The next step in the work is obviously a consideration of soils. The 
problem becomes complex as there are so many conditions not under the 
experimenter’s control, such as variations in physical, chemical and bio- 
logical properties. Each of these is being considered step by step and a 
simplification attempted. Chief among the conclusions now drawn is 
that in one particular soil used, there is a best or optimum ratio of 
salts and this is the basis for testing out the possibilities of determining 
a rational system of fertilization of soils from the point of view of bal- 
anced solutions. It is expected that this study will take considerable 
time. A great many data have been collected and are being put into 
shape for publication. 

There is need of further assistance in this work both in the line of a 
trained man, and money for running expenses. Teaching breaks in and 
interrupts the undivided and continuous attention needed in this work. 
From May to September is the only time that the writer can put in con- 
tinuously on this work. Next year, since there will be more teaching to 
do, this time will be shortened. It is urged that some assistance be ob- 
tained. 

Other problems are pressing and some have been crowded in, but on 
account of lack of time and the desire not to interfere with the regular 
Adams work, most of them have had to be abandoned. I refer to the 
following problems: Physiological studies of the effects of poisons on 
plants, with reference to their use in the eradication of Canada thistles, 
wild mustard, ete., from fields; nutrition as related to physiological dis- 
eases; water requirements of plants; plant growth in relation to climate 
for the purpose of determining regions in the State more suitable for 
certain crops than the present ones; an ecological-physiological study 
of peat and muck soils in order to make available a greater acreage in 
the State for greater production. 

My work in the College includes under-graduate and graduate in- 
struction. This has continued along the same lines as before. It is 
gratifying to report that the work is enlarging in scope, reaching a 
greater number, overtaxing the capacity of the laboratory and taking 
more of my time then usual. Mr. H. C. Young who took the place made 
vacant when Mr. G. R. Johnstone resigned, has handled the laboratory 
work exceedingly well and to his enthusiasm and efforts is due much of 
the success that has been attained this past year. No little credit is 
due, however, to Messrs. Kettunen and Kelham, advanced students in 
plant physiology, who so ably assisted us in the winter term when the 
class had to be divided and the laboratory sections taken at different 
times. Following the plan that has been in vogue the past four years 
two lectures were given this year to the class in Agricultural Chemistry. 

More laboratory space in the Experiment Station and new green- 
houses are urgently needed. 
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I wish to thank you also at this time for your willing cooperation and 
assistance in all the varied interests of Plant Physiology. 
Very respectfully, 
R. P. HIBBARD, 
Research Associate in Plant Physiology. 


si PLANT PATHOLOGY. 


Dr. E. A. Bessey, East Lansing, Mich.: 


Dear Sir :—At your request I submit a report of the work done during 
the past fiscal year. The allotment of my time in part to the college and 
in part to the Experiment Station continued as before. The work for 
the college is divided into several forms of activity; teaching classes in 
Plant Pathology, assisting with graduate work and assisting in the ex- 
tension phase of the department’s work. The statistics of the under- 
graduate and graduate teaching form a part of your departmental re- 
port. 

The extension work has consisted, in part, of attention to correspond- 
ence with reference to plant diseases. During the year from 800 to 
1,000 specimens have been determined. Several popular addresses on 
plant diseases have been given at farmer’s institutes. JI have also ap- 
peared on the programs of the annual meetings of the Michigan State 
Potato Association, Michigan Ginseng Growers Association, Michigan 
Vegetable Growers Association and the Michigan Horticultural Society. 

In extension work three projects have been framed for cooperative en- 
deavor with the county men. The titles, present status (July 15, 1917), 
of these projects are as follows: 


I—The Control of Grain Smuts. 
Object : 
1. To bring the treatment of seed oats and seed wheat into more 
general use. 
2. To secure accurate data on a state-wide scale of the actual 
results of the extension work on this project. 


This project has met with enthusiastic cooperation from 
the county men. In many cases it merely supplemented work 
already being conducted in the various counties. The work 
done by the department consisted in providing “copy” for ex- 
tension circulars, form letters, ete. Lack of funds prevented 
any publication of circulars or other matter. However, the 
county men by means of lectures and by personal letters to 
the farmers in their respective counties have secured wide 
spread utilization of the formaldehyde control measures. As 
‘a supplement to this report the oat smut circular which was 
mimeographed and sent to county men is published. At pres- 
ent the data from druggists are being obtained to determine 
the sales of formaldehyde in the various counties. Begin- 
ning about August 15th the campaign on wheat stinking 
smut will be started. 


298 STATE BOARD OF AGRICULTURE. 


II—Celery Disease Control Demonstration. 
Object: 

(A) To demonstrate the advantage of, 

(1) of seed bed rotation and sanitation in field and green- 
house. 

(2) of seed treatment. 

(5) of spraying to control leaf diseases. 

(4) planting resistant varieties on soils infested with the 
celery stunt organism. 

(5) of exclusion of plants from diseased or suspected local- 
ities. 

(B) To carry on an educational campaign with growers to 
familiarize them with the points of the above outline in order 
to make permanent advance and lead to the completion of the 
project. 

(C) To improve marketing conditions in so far as they concern 
celery diseases by, 

(1) improvement and standardization of an open crate of 
uniform size and pack. 

(2) improvement of shipping conditions in order that erates 
of celery will not be rotted on arrival at market. 

(5) assisting in the marketing of resistant varieties of good 
quality. 


This project is a natural outgrowth of the experimental 
and demonstration work done on celery diseases the last two 
years. The field work already done has largely been in the 
hands of Mr. Ezra Levin and such advance as has been made 
is to his credit. Last year was a year when celery blight 
threatened to be serious. Mr. Levin who was working on a 
summer appointment for this work was able to predict that 
an epidemic was threatening and was able to induce the ma- 
jority of growers seen to spray. In one month he secured the 
sale of more than 150 sprayers. A visit to the growers to whom 
this extension work has been carried shows that permanent 
results in the way of improving cultural practices have been 
obtained. 

The “Easy Blanching,” a green celery which is largely im- 
mune from the stunting disease, is being substituted for the 
“Golden Self-Blanching” celery at Kalamazoo. The use of 
this variety for “sick” soil is being widely advocated and as- 
sistance in marketing will be given. 


Il1I—Demonstrations and extension service in the elimination of 
losses due to transportational diseases. 
Object: 

1. To demonstrate the importance of careful grading, packing 
and elimination of diseased fruits and vegetables in carloadd 
shipments. 

To teach at the car door proper methods of handling perish- 

ables as to pack, type of containers, sorting of stock, ete., in 

order to avoid loss from disease in transit. 

3. To teach, basing the work on the needs as shown by car- 
load inspection, proper methods of orchard and field control 
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of plant diseases in order that diseased fruits will not be 
presented for shipment. 


The work done on this project consists of two months’ ob- 
servational work done at Chicago with Michigan produce. 
Mr. Ray Nelson, graduate assistant, was stationed in Chicago 
in September and October, 1916. Notes were made on condi- 
tions of cars and pictures were taken of typical examples of 
loss from transportational diseases. Although observations 
were not made when the shipping season was at its height 
enough was seen to prove conclusively we have here one of 
the great leaks in Michigan agriculture. Many shipments ar- 
rive in good condition and show no loss. Others arrive and 
are subject to great depreciation. In part this is due to 
faulty handling in the field or shipping point. This project 
aims to make possible extension work with just this class of 
shippers who are having trouble and who need advice. It is 
proposed to station a man in Chicago to report losses to the 
department and attempts will be made to advise such ship- 
pers through the county men. 


The work done for the experiment station falls under three heads, 
namely that done under the (1) Adams fund project, (2) the Hatch fund 
projects, (8) and the various state fund projects. 


THE ADAMS FUND PROJECT 


The formal statement of this project is as follows: 

To determine with some plant pathogenes of the Fungi Imperfecti, 
biological relations which may give a basis for identification and classi- 
fication as well as understanding of physiological and life history prob- 
lems. The Fungi Imperfecti form a group which at present has no 
basis for classification other than a highly artificial one. Attention will 
be concentrated on the section of the group represented by the genus 
Phoma and its close allies. 

Attempt has been made to utilize the methods of diagnosis in use in 
Animal Pathology in the solution of the problems involved in this pro- 
ject. The work has been in cooperation with the members of the Bac- 
teriology Department, which has furnished excellent facilities for the re- 
search and has given helpful advice throughout. A start has been made 
in outlining the methods to be followed ‘and enough has been accomp- 
lished to show the soundness and feasibility of the proposed method of 
attack. 

It has been shown already in a preliminary way, that differences in 
the protein content of fungi can_be used for diagnostic purposes. For 
example animals sensitized with a given species of fungus show anaphy- 
lactic shock on subsequnt inoculations with the same species, but no re- 
action with a different species. 

With a certain fungus, (the Fusarium causing aster wilt) aside from 
the anaphylactic shock, a peculiar type of posioning occurs. Animals 
injected with a sufficient dose of ground mycelium and spores become 
emaciated and die in 10 to 12 days. 

Many animals show a natural sensitiveness to Fusarium injections. 
The explanation of this has not been determined. 
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In early experiments some injections were made with ground mycel- 
ium which had been preserved by the presence of phenol in 1% dilu- 
tion. Although less than 14 ce. of the 1% solution was injected in 300 
gram guinea pigs marked results were obtained after two minutes which 
greatly resembled anaphylactic reactions. There is a possibility that 
phenol or other disinfectant poisoning has been a factor in many experi- 
ments, since it is common practice to preserve antigens in some such 
manner. 

This project on which a good start has been made will require consid- 
erable time for completion. 


HATCH FUND PROJECTS. 


Plant Disease Survey: 

The work under the Hatch fund has continued along the same lines 
as in previous years. The plant disease survey of the state has been con- 
tinued. In making this survey the extensive correspondence of the de- 
partment already referred to was found to be an invaluable adjunct. 

The work of the plant disease survey has been further carried on by 
means of questionnaire letters and by field trips to various parts of the 
state. The tabulated results of this survey have been forwarded to the 
Bureau of Plant Industry at Washington. Some of the interesting ob- 
servations and reports of new diseases are briefly mentioned in a sup- 
plementary article in this report. (Supplement 3.) 

Cereal Smuts: 

Preliminary to the extension project on smuts outlined at the begin- 
ning of this report certain work was undertaken to test the efficiency of 
various formaldehyde treatments. 

Our attention had been called by Dr. M. F. Barrus of Cornell Univer- 
sity to the new method of treating grains for smut which has been de- 
veloped by Mr. R. J. Haskell of his department. In this treatment the 
grain is spread in a long pile and sprayed with concentrated formalde- 
hyde at the rate of one pint to 50 bushels of grain as it is shoveled over. 
For spraying a small pint or quart atomizer is used. The grain is then 
covered. After four hours, the grain is spread and aired. The treat- 
ment is applicable to all grains but for use with wheat the grain must 
first be thoroughly fanned. 

It will be seen that this method presents great advantages because it 
eliminates the wetting of the grain which has hitherto been considered 
essential to effective action of formaldehyde. 

The following tests of the method were made: Viable spores of oat 
smut were dusted on a couple of quarts of ordinary oats such as would 
be used for planting. These were then sprayed with concentrated for- 
maldehyde at the rate of 14 of a c. c. to a quart of grain, (approxi- 
mately 1 pint to 50 bushels.) The grain was stirred throughout the 
treatment. The accompanying table indicates the length of time the 
formaldehyde was allowed to act, and other conditions imposed in the 
experiment. The spores were washed from the grain and thrown down 
with the centrifuge. They were then tested in Van Tieghem rings for 
germination. 
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Oats in tight jar. Oats in sack. 
Dilute Dilute 
Concentrated - Concentrated : 
Formaldehyde. Formaldehyde Formaldehyde. Formaldehyde 
1-320. 1-320. 
Time. 
Germination. | Germination. Germination. | Germination. 
| 
a | | 
Oats. | Smut. | Oats. Smut. Oats. Smut. Oats. Smut. 
| 
SUITE Peon g cio tetas 94 | Strong.. 98 | 60% 94 | Strong.. 100 70% 
SjejTiChi Aes eines tore 100 | Weak. .| 100 | Strong.. 100 | Weak.. 90 | Weak. 
BOMDIT eae eta e es Not Not Not Not 
tested.| Weak. .| tested . | Strong tested.| Weak. tested.| Weak 
PANES treo seaefete cake 96 | Weak.. 88 | Strong 92 25% 9 Strong 
ANNES tet Se ptt sete sg wtoyah ee 94 0 98 | None 94 | None. 98 |. None 
MANS ne tb Mee ce ae tiees 86 0 | Not | Not Not Not 
| tested.| tested. 88 | None...| tested.| tested. 


The experiments show that in reaching smut spores the gas in the con- 
centrated method is probably as efficient as in the dilute or sprinkling 
method. The spores are probably killed in sufficient numbers after one 
hour to make the treatment safe, even with such a short time. Four 
hours is a safer time. Viability is but slightly affected, even after 6 days 
in a tight glass jar. The oats may be sacked immediately after treat- 
ment without loss in efficiency. 

The last possibility is very important in that it allows the treatment 
to be applied in elevators to large stocks of grain. Two or three men 
could treat a large supply of grain very readily and in a short time. 

Examination (July 15, 1917) of fields of oats, barley and wheat in 
Kent county, treated by the concentrated formaldehyde method show no 
reduction in stand due to treatment. In the case of oats there was no 
smut found in treated fields, but was present at the percentage of 14 
of 1% in wheat fields treated by the concentrated method, 1-10 of 1% 
in fields treated by the ordinary dilute formaldehyde sprinkling method 
and in 2% quantity in untreated fields. The wheat was of the Red Rock 
variety and had been obtained from the same source. Reports furnished 
by Mr. H. G. Smith, Kent County Agricultural Agent, shows that in 
other fields in which the grain was treated by the concentrated method, 
the bunt was almost completely eliminated, only one or two heads being 
found in walking the entire length of the field. Evidently the personal 
equation and other factors, such as subsequent infection from sacks or 
drill, strength of formaldehyde, are operative in this treatment as in the 
well known sprinkling method. 


Other work with the Hatch Fund: 

Superintendence by Dr. Bessey of the cucumber disease project in 
which the department is cooperating with the U. S. Department of Agri- 
culture has been carried out by the use of this fund. Research work on 
many minor problems is carried out by means of this fund. 

The collection of photographs of plant diseases of the department has 
been greatly increased. 
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STATE FUNDS. 
Bean Disease Investigations: 

The work on bean diseases has continued along previously outlined 
lines. Work of the last fiscal year has been concentrated on the testing 
of seed beans from the western districts. Iormal report on this inyes- 
tigational work is submitted by Mr. Muncie. 


Potato Disease Investigations: 

The work on the Fusarium Wilt disease of potato was continued 
throughout the summer of 1916 by Mr. R. W. Goss. While definite ad- 
vance was secured in laboratory studies, following lines outlined in the 
1916 report, the field work was greatly interfered with by the drought 
of July and August. 

Fusarium wilt shows two aspects under Michigan conditions. The 
first is a rapid wilting in which the vine dies before the tubers are ma- 
ture—usually only half grown. The second form manifests itself at the 
close of the growing season and may cause the dying of the potatoes in 
an entire field. The tubers from the potatoes showing the first type of 
disease are typically pointed at the ends and show deep Fusarium wilt 
markings. The tubers in the second aspect are nearly normal except 
for a slight browning or yellowing of the vascular system. 

The observations of the last three years seem to warrant the state- 
ment that the first aspect of the disease comes when affected tubers are 
planted and the fungus grows from the mother tuber directly into the 
young sprout. 

The second type of trouble comes about from invasion of the root 
system by the parasite followed by a tardy wilting and gradual invasion 
of the tubers. Tubers thus invaded produce the virulent type of wilt the 
next year. 

Such observations coupled with the discovery of what seems to be 
Fusarium oxysporum in native Michigan soils accounts for the high per- 
centage of infection which is present in our sandy fields and also points 
out why under conditions of drought (which leads to death of the roots) 
infection of the second type may occur in 90-100% of the plants. 

A field of potatoes was seen at Cheboygan last year in which about 95%: 
of the vines had wilted with Fusarium Wilt. Mr. H. L. Lewis, graduate 
assistant in the department was sent to Cheboygan to select what 
seemed Fusarium resistant hills from the plants which had remained 
alive. About 300 hills were secured and these have been planted in soil 
known to contain the wilt organism. It may sometime be possible to 
secure a resistant strain for planting which will combine with desirable 
varietal characteristics resistance to disease. 

Work was also done on the Black Leg of potato. This disease is wide 
spread in the Upper Peninsula and is as yet extremely localized in the 
Lower Peninsula and apparently on introduced seed. Work needs to be 
done to show whether the germ can winter in the soil, and whether it can 
tolerate the climate of lower Michigan. A start on this work has been 
made. In experiments made so far in cooperation with the Bacteriology 
Department, the germ could not be isolated from soils heavily infested 
two months previously. The soil solutions were extracted by the oil 
pressure method and platings were made. 

The results of the study of epidemics of Late Blight of 1912 and 1915 
were reported before the Botanical Society of America in New York 
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‘ity last December. An abstract of this article is included in this re- 
port. (Supplement 4). 


Celery Work: 

The investigation of celery diseases has been continued. The stunting 
disease, for which control measures were planned last year, became so 
serious as indicated in Mr. Levin’s report, that steaming the soil as a 
clean-up measure became out of the question. A survey was made of the 
various marshes about Kalamazoo and the present extent of the disease 
was noted. The trouble is in nearly every field about the city. Floods 
and wet ground, along with exchange of plants, have been the chief 
causes of this wide transfer. Wet ground in July and August of 1915 
especially favored the transfer of the disease by tracking, cultivation, 
ete. It is needless to say that the present plan of buying plants from 
various localities is especially dangerous because of soil diseases. Each 
grower should grow his own seed on clean ground. 

The work on the Phoma disease of celery was continued and a report 
of the work was made at the annual meeting of the Botanical Society 
of America. An abstract of this article is included in the report. (Sup- 
plement 5). 

It was considered advisable from financial considerations to lay to 
one side the experimental work on celery diseases during the fall and 
winter months. Accordingly some questions have not been investigated 
thoroughly. It is advisable that this project continue. 

The division is cramped for room not only in the laboratory but also 
in the greenhouse. The growing needs of our work should be recognized 
in the building program of the College. 

Respectfully, 
G. H. COONS, 
Research Associate, Plant Pathology. 


PLANT PATHOLOGY. 


Dr. E. A. Bessey, College: 

Dear Doctor Bessey :—I submit herewith at your request a report upon 
the work done during the past year. This work has been carried on en- 
tirely under the state fund of the Experiment Station. 

The work has been, as previously, principally upon control measures 
for the bean Anthracnose and bean Blight. The preliminary treatments 
of diseased bean seed with calcium hypochlorite solution gave seemingly 
promising results. Subsequent tests failed to DIONE the value of this 
reagent in controlling these diseases. 

On the demonstration plats in fourteen counties where Idaho grown 
Michigan beans were grown in comparison to ordinary seed, the results 
were very satisfactory. It was found that the Idaho grown Michigan 
seed did not suffer in the least from being. grown in the western state for 
one season. These beans produced on the average more than the ordi- 
nary seed. produced. The crop from these beans was also less affected 
with Blight than the crop from ordinary seed. 
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The season was so dry that the Anthracnose did not develop to any 
great extent. As far as the latter disease is concerned, there was little 
difference between ordinary and Idaho grown Michigan seed. 

Last year Early Wonder beans were grown at Jerome, Idaho, under 
irrigation. There beans showed a commercial. pick of two pounds per 
bushel of diseased seeds. The crop showed no Anthracnose and less 
than 1% of the Blight. These results clearly show that Michigan beans 
can be freed from the Anthracnose, and almost entirely rid of the Blight 
by growing them in a hot, dry climate. 

To demonstrate the value of this Idaho grown seed, plats are being 
grown, in cooperation with the County Agriculturists, by various grow- 
ers in the following counties: Kent, Newaygo, Saginaw, Muskegon, Alle- 
gan, St. Clair, Kalamazoo, Cheboygan, Alpena and Ottawa. In connec- 
tion with this project demonstrations of the value of hill planting as 
compared to row planting in the control of these bean diseases are be- 
ing carried on by the growers. These demonstrations are being dupli- 
cated on the College experimental plats. 

A girdling of bean stems at the nodes has been increasing in serious- 
ness. This trouble has been proved to be caused by Bacterium phaseoli, 
the causal parasite of the bean Blight. Preliminary field experiments 
show that the bean Blight bacteria are carried by the wind, and that in- 
fection spreads from individual diseased plants. Further field experi- 
ments on the dissemination of this disease are under way. 

The results of three years’ work on control measures for the bean 
Anthracnose and bean Blight have been put into bulletin form. This 
manuscript is now being revised preparatory to publication. 

Michigan grows a large acreage of peas for canning purposes and for 
seed. In 1914 a bacterial disease of peas was reported from Newaygo 
county, specimens sent in to the department and the casual organism 
isolated. This disease is reported from Wisconsin, Idaho, Montana and 
Colorado, where most of the seed is grown. It was found in this state 
that peas from Idaho and Montana seed were affected in varying de- 
grees by this bacterial disease, while in only one case was it found in a 
field of Michigan grown seed. If we are to protect our pea industry 
from this disease, which in many cases destroyed whole fields this year, 
the origin of the disease on the seed should be found and canners warned 
to not use seed from infected areas. 

The Septoria and Ascochyta diseases of pea leaves, stems and pods 
are prevalent this year, although the damage to the green crop is not 
severe. A root rot caused by Rhizoctonia is causing a great deal of dam- 
age to peas in practically every locality visited. This is to be expected 
in a year when the soil is so moist and the weather cool. 

Cross inoculation experiments with the Ascochyta disease of vetch, 
sweet clover and peas are still in progress. 

Very truly yours, 
J. H. MUNCIE, .- 
Assistant in Plant Pathology. 
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NOTES ON THE CONTROL OF RYE SMUT (Urocystis occulta). 


ERNST A. BESSEY AND WALTER K. MAKEMSON. 


In the summer of 1915 a specimen of volunteer rye was found near 
Laingsburg, Shiawassee Co., affected with a peculiar form of smut. In 
1916 this smut was found in a field at Dimondale, causing a loss of at 
least 5%, and in fields in Kent, Ingham, Mecosta, Van Buren, and Osceola 
Counties, causing less than 1% injury. The disease has been reported 
from Australia as causing over 60% loss and in parts of Minnesota the 
loss from this disease reaches 25 to 40%. 


Unlike the ordinary smuts of oats, wheat and barley this smut is not 
found to much of any extent in the head. It occurs in the culm, some- 
times throughout its whole length but more often in the upper inter- 
node, i. e., in that part of the stalk just below the head and which in dis- 

39 
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eased plants is often retained in greater part within the uppermost 
sheath. Before the spores are ripe the culm is somewhat swollen and 
more or less twisted and misshapen, showing black streaks which are 
the regions where the spores are present in great abundance. These 
streaks may be present even in the sheath or in the leaves. On cross 
section black areas appear corresponding to these streaks. The head 
either remains unchanged, except that it dries up, or may show distor- 
tion of the lower spikelets, these being filled with the black masses of 
the spores. As the spores ripen the swollen parts shrink and split open 
over the elongated spore masses, allowing the spores to escape as a black 
powder. This takes place just about the time for harvesting the grain. 
The diseased plants stool but little and are usually only two-thirds to 
three-fourths as tall as the healthy plants. 


Three types of smut infection are now recognized by plant patholog- 
ists: (1) at all actively growing parts of the plant for a considerable 
period of the growth of the plant, as in corn smut; (2) at the blossom- 
ing period of the plant, the fungus growing into the developing seed 
within the flower without destroyi ing it and keeping pace with the 
growth of the plant that grows from “the seed, not becoming visible ex- 
ternally until shortly before the time of flowering when the “flowers and 
often all the adjacent parts are found to be filled with the spores of the 
smut, to the total destruction of these parts, as in the loose smut of 
wheat and barley; (3) just as the seedling is emerging from the seed, in- 
fection occurring from spores of the smut that have remained attached 
to the seed when it was planted or that were in the soil, as in oat smut 
or bunt of wheat. 

The location of the smut infection throughout the rye plant instead 
of merely at the growing regions, indicates that the rye smut does not 
have the first type of infection. In the summer of 1915 Dr. G. H. Coons 
attempted blossom infections by dusting fresh spores of this smut upon 
the heads of rye as they were in blossom and by rubbing the spores into 
the spikelets, planting the seeds obtained from these heads in the Botan- 
ical Garden. In June, 1916, these plants were absolutely free from the 
smut, showing that no blossom infection had taken place. This was to 
be expected from the fact that the spores are not shed at the blossoming 
period of the rye but at harvest time. In the meantime a bulletin was 
issued by the Minnesota Experiment Station* stating that the infection 
was of the third type, i. e., seedling infection. This bulletin was not yet 
at hand when the following experiment was begun to determine this 
point. On September 23, 1916, seeds of Rosen rye obtained from the 
Department of Farm Crops of this institution were treated with spores 
of the rye smut freshly scraped from diseased culms collected by the 
senior author in July and August. The treated grain was planted in 
the Botanical Garden in rows about seven feet long and a foot apart. 
About 100 plants came up in each row. The treatments of the seeds were 
as follows: 


Row 1—No smut spores, no disinfecting treatment; control row. 
Row 2—Dry seed rolled in dry spores, no disinfecting treatment. 
Row 38—Wet seed rolled in dry spores, no disinfecting treatment. 
Row 4—Like row 1; control. 


*Stakman, E. C. and Leyine, M. N. Rye Smut. The University of Minn. Agri. Exp. Sta. 
Bul. 160, 19 pages, 6 figures. Aug., 1916. 


Row 
Row 
LOW 


Row 


Row 


Row 10—Like row 1; control. 
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5—Seeds wet with weak gum arabic mucilage and rolled in dry 
spores, no disinfecting treatment. . 
6—Seeds not treated, but the smut spores scattered on the sur- 
face of the soil and slightly worked in. 
7—Like row 1; control. 
8—Dry seed rolled in dry spores and subsequently treated for 
two hours with formaldehyde solution (one part of “40%” 
formaldehyde solution in 500 parts water). 
9—Wet seed rolled in dry spores and disinfected as in 8. 


As stated above each row produced approximately 100 plants, al- 
though this could not be determined with absolute accuracy because of 
the fact that the plants were in some cases so closely grown together 
that it could not be told whether a certain cluster of culms represented 


one or two plants. 


two culms and so were counted with accuracy. 
the number of smutted plants in each row is given and the percentage 
of such plants, assuming the total number of plants in each row to be 


100. 


Row 

tow 
Row 
Row 
Row 
Row 
Row 
Row 
Row 
Row 


1—Smutted plants 
2—Smutted plants 
3—Smutted plants 
4—Smutted plants 
5—Smutted plants 
6—Smutted plants 
7—Smutted plants 
8—Smutted plants 
9—Smutted plants 
10—Smutted plants 


percentage plants 
percentage plants 
percentage plants 
percentage plants 
percentage plants 
percentage plants 
percentage plants 
percentage plants 
percentage plants 
percentage plants 


smutted 
smutted 
smutted 
smutted 
smutted. 
smutted 
smutted 
smutted 
smutted 
smutted 


The smutted plants, however, mostly had but one or 
In the following table 


0 (Control) 
0 (Control) 
9) 
0 
0 (Control) 
0 
0 
1 


(Control) 


These experiments demonstrate that the infection takes place at germi- 
nation or very shortly afterwards and furthermore that formaldehyde 
treatment of the seed such as is practiced for oat smut or bunt of wheat 
will control this disease .also. 
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OAT SMUT. 
BY G. H. COONS. 
THE DISEASE. 


Oat Smut is a fungous disease in which the whole head becomes a 
mass of brownish black powder. No grain is formed. Smutted plants 
are usually stunted and hence often overlooked in the field. 


THE CAUSE OF THE DISEASE. 


This disease is caused by a parasitic fungus—a small plant which 
makes no food for itself but steals its living from the oat. The body of 
the smut fungus is made up of threads microscopic in size which live in- 
side the oat plant, growing up with it, and finally producing its own 
kind of fruit where the oat kernel should be produced. This fruiting 
mass of the oat fungus is the brown smutty powder. It is made up of 
countless thousands of exceedingly minute balls. These balls are the 
“seed” of the smut fungus. They are called spores. 


THE COURSE OF THE DISEASE. 


These seedlike bodies, the spores, are mature at threshing time. The 
air about the machine is sometimes black with them, and the smut rises 
in clouds. They get into the crevices of the grain and entangled in the 
bristles. When the grain sprouts, the smut fungus sprouts too and bores 
into the young seedlings. Smut treatment kills the spores (“seeds” of 
the smut fungus) on the grain without hurting the oats. Smutted oats 
give smutted plants, disinfected oats give clean, healthy plants. When 
the oat matures, the smut which has bored into the plant and which has 
been keeping pace with its growth, matures too.. The same story is re- 
peated year after year, at an enormous cost to the farmer’s pocketbook. . 


LOSSES CAUSED. 


It is not too much to say that year in and year out, smut destroys 5 
to 10% of the Michigan oat crop. This amounts to nearly a million dol- 
lars annually. The oat smut’s board bill costs the average farmer with 
10 acres of oats $50.00 a year. He pays more to keep this parasite than 
he pays for schools. What the average farmer loses in one year from 
Oat Smut would pay his share in the tax that supports the Michigan 
Agricultural College 300 years. If the Agricultural College did nothing 
else than tell the farmer the well known facts about Smut, its existence 
would be justified ! 


OAT SMUT IS ENTIRELY PREVENTABLE. 

Clean the oats of all weed seeds, chaff, and light grains by means of a 
fanning mill. 

Fight oat smut either by the well known sprinkling method or by the 
new concentrated Formaldehyde Treatment devised by R. J. Haskell of 
Cornell University. . 
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SPRINKLING METHOD. 


Mix one pint fresh Formaldehyde with 40 gallons water. Clean a 
place on the barn floor and sprinkle with this solution. Spread the oats 
in a thin layer (4”) and sprinkle with the dilute solution of the Formal- 
dehyde. <A sprinkling pot is handy. Shovel over and over until every 
kernel glistens with moisture. Add layer after layer, sprinkling as be- 
fore. Two men can do the work quickly and easily. When all the grain 
is moistened shovel into a compact heap, cover two hours with a blanket 
or canvas. 

Then spread out to dry. 

Do not let the wet grain freeze, mould or sprout. 

The grain may be planted as soon as it is dry enough to run through 
the drill. Make allowance for the slightly swollen condition. One pint 
of formaldehyde will treat 50 bushels. 

The treatment may be modified by dipping the grain one-half to one 
bushel at a time in a barrel or tub of the dilute solution. Drain, cover 
for two hours, dry and the oats are ready for planting. 


THE NEW CONCENTRATED FORMALDEHYDE TREATMENT. 


Use Formaldehyde at the rate of 1 pint to 50 bushels of grain. Put 
the amount of fresh formaldehyde, just as it comes from the druggist, 
into a pint or quart hand sprayer (cost 75 cents) and spray the grain 
which has been spread out on the barn floor. Spray the grain as it is 
shoveled over and over. Keep the sprayer close to the grain and the 
penetrating odor of the Formaldehyde will give no discomfort. 

When the right amount of Formaldehyde has been applied shovel the 

oats into a heap and cover for exactly four hours with a canvas or _— 
ket, or the grain may be sacked immediately. 

The grain should then be spread out for a few hours’ airing. 

It may be sown at once, or stored in clean or disinfected sacks. 


NOTES ON SMUT TREATMENTS. 


With either treatment, avoid reinfecting the grain with old sacks or 
with the drill. To disinfect the sacks soak in Formaldehyde 2 table- 
spoonfuls to a pail of water. To disinfect the drill, pour this solution 
through it. The cost of treatment is less than 2 cents a bushel. Ask 
your druggist for fresh Formaldehyde. 

The patent smut cures contain Formaldehyde as their active agents. 
Formaldehyde costs 35-40 cents a pint, the smut cures cost $2 or more 
a pint for a weak formaldehyde solution. Do you see the point? 
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NOTES ON MICHIGAN PLANT DISEASES IN 1916. 
BYOG. H. COONS: 


The weather of 1916 was peculiar. The months of April, May and 
June were especially rainy. All farm operations were badly interfered 
with. Rains occurred in May and June every two or three days. Even 
the sandy lands ordinarily enjoying excellent natural drainage showed 
troubles such as are associated with water-logged soil. July and 
August, throughout the state were as dry as the preceding months were 
wet. An unprecedented drought cut short all crops. In spite of this 
diy season which effectively checked many plant diseases, some crops 
suffered great losses. 

The prevalence of such diseases as Black Rot of grapes and Apple 
Scab, which are considered diseases associated with wet seasons, in a 
period of drought such as occurred last year, emphasizes the importance 
of the weather at the time of primary infection. This matter is ex- 
tremely important in dictating all policies in control of diseases of this 
character. In May and June the plant diseases which winter on trash 
from the preceding diseased crop became established and many succes- 
sive generations of spores greatly augmented the size of foci of the 
disease as well as established new foci. We may look upon the fungi as 
thoroughly entrenched as a result of such favorable weather conditions 
and in spite of the succeeding dry weather they were able during light 
showers and heavy dews so heavily to inoculate the tender fruits and 
leaves as to produce serious disease conditions. 


TREE DISEASES. 
Spruce: 

Specimens of spruce have been sent to the laboratory covered with 
unsightly lichen growths. While in no case was definite injury to the 
trees noticeable the condition made the trees unsightly and to appear as 
if unthrifty. 

Such complaints on various forest and fruit trees have come from a 
variety of sources and usually from localities close to bodies of water. 
Low areas, poorly drained sites, and wet seasons are largely responsible 
for the conditions favoring lichens. With fruit trees, failure to prune 
is a common cause. Where the conditions warrant, a dormant spray of 
lime-sulphur and summer sprays as recommended for apple are effective 
in cleaning up the trunks. These have been successfully used in several 
instances. 

Catalpa Leaf Spot: 

Catalpa leaves were sent to the laboratory from near Adrian and some 
were collected at Ann Arbor and also at East Lansing showing small 
circular spots about 5 mm. in diameter. These spots occurred in great 
numbers on the leaves and gave the trees a very unsightly appearance. 
Excessive dropping of the leaves did not occur however. This disease 
had associated with it Phyllosticta catalpae and an Alternaria. It is 
undoubtedly the same one which Galloway described in 1887. (Dept. of 
Agr. Report, 1887). 
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GRAPE DISEASES. 


Grape Black Rot appeared as an epidemic in Michigan vineyards last 
season. Here there seemed to be a contradiction to the common belief 
that the Black Rot is synchronous with a wet season. At Lawton and 
Paw Paw in spite of a drought condition the grapes rotted so badly that 
there was only half a crop. The matter is clearly explicable if it be re- 
membered that the virulence of early infection controls the later out- 
breaks. Infection of grapes occurred in May and June on account of 
the excessive rainfall. Spraying applied, as per rule, could not be 
timely. As a result, abundant leaf infection and abundant infection of 
- berries shortly after the blossoming occurred. In the early half of Aug- 
ust the bunches showed great promise, aside from the fact that small 
black rotted berries persisted from the early infections. A heavy rain 
about July 26th and another about three weeks later caused the loss of 
the crop. A few growers whose sprayings were timely so as to give pro- 
tection at the first rainy period had a good crop. In general the crop 
was a disappointment. Vineyards in good sanitary condition showed 
less rot than neglected ones. 

Sun scorch of leaves and fruits occurred last year. These troubles all 
show the general characters of this type of disorder, yellowed leaves 
with brown, parched edges, but are hard to diagnose and erratic in oc- 
currence. 

Lightning injury was reported by one grower as a common occurrence 
in grape vineyards. Lightning striking a wire will kill grape vines along 
the wire for several rods. The electrocuted vines wither slowly and pre- 
sent a confusing train of symptoms. 


ROOT ROT OF STRAWBERRIES. 


Strawberry plantings last year showed almost a complete failure in 
many fields. Reports of trouble were received from at least six counties. 
The plantings made at the College with first-rate plants failed to give a 
good stand. 

The cause of this is hard to explain. It is certainly associated with 
the wet season at planting time. The roots of the plants failed to start 
and merely rotted. Microscopic examination showed Rhizoctonia on the 
roots. It is believed, however, that the soggy soil conditions lead to the 
rotting of roots rather than that a new active parasite had developed. 


PEACH DISEASES. 


Powdery Mildew is a disease common but not usually reported as se- 
vere. It was sent in by a correspondent from Oceana County. It was 
reported as causing injury to the crop. 

Because of the cold wet April, Leaf Curl defoliated many orchards 
in Michigan last year and caused much loss to the growers. In spite of 
the well known control measures, the necessary spray is neglected by 
many fruit growers. 

Cercospora. circumscissa was very common last year. Peach leaves 
have been received from many localities showing the characteristic red 
spots of this disease. An orchard near South Haven showed the disease 
so severe that the trees were nearly defoliated at picking time. While 
the loss is difficult to estimate the wasting nature of this disease is ap- 
parent. Summer sprays are peculiarly effective in control of this trouble. 
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RASPBERRY CURL OR YELLOWS. 


Red raspberries affected with Curl or Yellows have been sent from sey- 
eral localities in the past few years. Affected plants show curled, dis- 
torted leaves with prominent grooves at the leaf veins. The fruit from 
diseased plants is scanty and poor in quality. Commonly only a few 
carpels develop fully. This disease is potentially a serious one and in- 
stances are reported where entire plantings have been ruined. 


POTATO DISEASES. 


The common potato diseases previously known for the state were 
found in their usual prevalence. Potato Scab was seen everywhere as 
well as a type of trouble caused by Rhizoctonia which is commonly con- 
fused with Scab. In the later type of trouble no corking of the skin de- 
velops, the scabbiness showing as a black scurfy patch, commonly 
marked or colored with cross lines. This developed on the crop grown 
from treated seed on soil which had not borne potatoes previously. The . 
evidence seems to point to the existence of Rhizoctonia as a common soil 
denizen and that the virulence of the soil form is less than that carried 
on the tubers. Under peculiar soil conditions the ordinary soil forms 
take on some pathogenicity. 

Late blight was not found at all as would be expected from what we 
know of the relation of this parasite to a cold, wet July. The drought 
was effective in preventing the appearance of the parasite in any notice- 
able degree. It must not be expected, however, that the disease has been 
wholly eliminated from our seed stock, for undoubtedly enough leaves 
have become affected and a few tubers have slight spots, readily over- 
looked, to insure the development of the fungus in another season if the 
weather in the first half of the growing season is propitious. 

Fusarium Wilt was found everywhere stunting the plants and lead- 
ing to marked yellowing and wilting of the tops. It would seem that the 
extra demand for water under the drought conditions in addition to the 
systemic poisoning which occurs in this disease was responsible for the 
development of this symptom. 

Early Blight developed in the northern part of the State but was 
largely absent in’ the southern half of the State. The weather in the 
north was hot but the rainfall was moderate. In the southern portion 
the extreme dry weather led to tip burn with little or no development of 
early blight. This adjustment to weather has largely been borne out in 
previous years’ experience in this state and we look at Late Blight as a 
disease which appears when the first half of the season is cold and wet, 
Karly Blight when the season is moderately wet—its effects in wet sea- 
sons being obscured by Late Blight—and Tip Burn when the season is 
dry and the fields parch. 

Black Leg was found commonly in the Upper Peninsula but was not 
reported from the Lower Peninsula, although the weather of May and 
June would have insured its development, had the disease been present 
in the tubers. Up to date, only one case of Black Leg has been reported 
for the southern counties of Michigan and this one in stock imported 
from the north. It is not known whether this disease is climate limited 
or has merely not been introduced. 

Streak, a disease new to Michigan was discovered in fields near Che- 
boygan, Michigan, by Dr. Edson of the U. S. Department of Agriculture. 
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Only two or three plants were seen. The disease is characterized by 
dwarfing of the affected plants which show black streaks on stems and 
petioles and occasionally in the leaf veins themselves. 

No Mosaic was seen last year although stocks which showed Mosaic 
the preceding year were examined. It is believed that weather condi- 
tions masked the signs by which we diagnose the disease. 


TOMATO DISEASES. 


Point Rot or Blossom End Rot was reported from many sections in 
the southern half of the state. The disease was clearly associated with 
drought conditions. 

Many growers complained of failure of the blossoms to set fruit. This 
seemed to be associated with the unusual weather conditions at time of 


pollination. 
CUCURBIT DISEASES. 


Work on cucumber diseases was carried on as before in cooperation 
with the U. S. Department of Agriculture at Big Rapids. No serious 
epidemics of cucumber diseases occurred. Cucumber Scab occurred only 
in small amount, and cucumber Mosaic although present did not ruin 
the crop. No report of Downy Mildew was made. Considerable com- 
plaint was made on account of a Tip Burn or Leaf Scorching which was 
undoubtedly to be ascribed to the drought conditions. 

On seed farms near Jackson diseases of cucumber and muskmelon were 
very important. Anthracnose on certain varieties of muskmelon (EKm- 
press) destroyed the crop. Anthracnose on the cucumber fruits, which 
has not been reported commonly, occurred in sufficient amount to greatly 
lessen seed production. 

Angular leaf spot was found in many localities and was described by 
correspondents as doing severe injury to seedlings. 

A disease caused by a yellow bacterial organism was also sent to the 
station. In this disease brown watery spots occurred on the fruit, 
usually associated with a lenticel. From such diseased spots beads of 
dark reddish brown gum emerged. The affected fruits softened and rot- 
ted in the course of a few days. The organism was obtained in pure cul- 
ture and characteristic lesions produced by inoculation experiments. The 
germ seems distinet from Bacillus lachrymosus and from the organism 
described by Burger as causing rot of cucumbers in Florida. 

A new disease of watermelon was discovered by Mr. Ray Nelson, grad- 
uate assistant in the experiment station. Watermelons affected with 
this disease show blackened, withered spots commonly at the point 
where the blossom was attached. This spot increases in size until the 
whole melon may be involved. Usually the disease only progresses far 
enough to cause a blemish about 3” in diameter. The cause of this dis- 
ease is a Pythium, probably Pythium debaryanun. The causal organ- 
ism has been obtained in pure culture, its pathogenicity proved, as well 
as its ability to attack fruits of other plants of the cucurbit family. The 
organism does not produce a “leak” of potato. 

The disease has been observed in several fields. Its economic import- 
ance is not known. It will probably be found to be wide spread and ser- 
ious, not only in Michigan, but in the centers of watermelon production. 
Mr. Nelson is continuing his observations on this disease. The fungus is 
being grown in pure culture in the laboratory and further publication is 
promised. 
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LETTUCE. 


Anthracnose or shot hole of lettuce (Marssonina panattoniana) was re- 
ported but once in 1916. Formerly this disease occurred everywhere in 
Michigan greenhouses. At present its occurrence is only occasional, 
and then usually associated with leaky gutters. It would seem since 
it is known that the disease is readily dispersed by hose watering, that 
the diminution of this disease may properly be correlated with the in- 
crease in amount of overhead watering systems. 

One case of the disease was found in a garden near the College. The 
plants were grown on soil which had never before borne a lettuce crop 
and from one plant the disease spread along the row. No wild lettuce 
grew near. In absence of any report of the fungus on other hosts, the 
possibility of seed transference seems probable. 


Lettuce Stunt: 

In the 1915 Report of the Michigan Academy of Science I described 
a new disease of greenhouse lettuce which is at present commonly as- 
scribed to Rhizoctonia injury. In that publication it was presumed that 
bacteria stand in causal relation to this malady. Repeated cultures 
failed to give any one bacterial organism with any degree of regularity. 
From bits of tissue in practically every culture attempted a rapid grow- 
ing Phycomycete has been obtained. This organism is a typical Pyth- 
ium. Time has not been available for inoculation experiments, but it 
seems likely that the disease found is associated with this known para- 
site. 

Many circumstances contribute to this assumption. The disease is 
severe when seedlings are watered abundantly, and is checked when the 
seedlings are kept “on the dry side.” Plants near leaky valves or leaky 
gutters may show the disease while the drier parts of the beds have sound 
plants. The disease is commonly contracted in the seed bed, but may 
arise from wet conditions in plants half grown, or even older. Since 
wet conditions seem to be essential to infection, the control is obvious. 
It has been put in practice with marked success by several greenhouses. 


CELERY. 


The Celery Stunting Disease increased in extent until practically no 
fields in Kalamazoo are free from infection. This came about largely 
from flooding. The wet weather of 1915 may have been important in 
bringing about greater dispersion by the tracking of mud from field to 
field.. AH second crop and third crop celery of “Golden Self-blanching 
celery planted in affected fields was practically a failure. The disease 
was found at Grand Haven, Jackson, Bay City and Portage, Michigan. 
In view of the wholesale inter change of plants in celery districts, it is 
likely that the disease will be widely introduced throughout the state. 

Celery Blight (Septoria apt) did enormous damage last year. The 
enormous infestation of the first crop which occurred on account of the 
wet weather in the early half of the season, brought about considerable 
infection of the second crop. Heavy rains in the fall in conjunction with 
the scattering foci of disease which existed, led to an epidemic of great 
severity in all the celery districts. In the Kalamazoo district alone 
$25,000 in claims were filed against a railroad company for rotting in 
transit. This was largely on second and third crop celery. As this rotting 
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came about largely from Septoria blight, aggravated by delays on the 
part of the carrier, some idea of the m: renitude of the losses can be seen. 
Many growers did not try to ship their ‘third (or main) crop. Celery as 
seen in the market was small, due to the trimming necessitated by the 
blighting of the outer stalks. 

Early Blight was found doing enormous damage in the susceptible 
varieties of green celery, particularly Newell’s Market. In many sec- 
tions during the hot weather of July and August this disease and not 
Septoria was important. Spotting of the leay es and cankering of the 
stalks characterized the heavy infestations. The correlation of ‘this dis- 
ease with hot weather seems to fit the previously observed Southern dis: 
tribution of the trouble. 

LEGUMES. 
Sweet Clover: 

Ascochyta caulicola was found in several locations in Michigan. The 
pycnidia of the fungus were found on the old stalks of the preceding 
year, and their presence served as a source of new infection. At present 
sweet clover is not widely planted as a forage crop, but with increased 
use of this promising plant the Stem Blight may be very important. The 
fungus does not differ from that described by Laubert (Arb. Biol. Abt. 
f. Land. und Forstwirtschaft 3 :441, 1903.) 


Pea: 

The Septoria disease of pea was found severe in gardens near the 
college. The disease appeared on the first leaves and quickly spread to 
the stems and eventually to the pods. While seed transference of the dis- 
ease seemed likely, the relation of trash was not completely eliminated. 

A bacterial disease of peas has been collected at the station for more 
than 3 years. It seems to be increasing in severity. Blotched or girdled 
stems, spotted leaves, with smooth greasy brown spots, and gnarled cir- 
cular, sunken spots on the pods are characteristics of this disease. Its 
importance is as yet unknown, but it bids fair to become as serious as 
Bean Blight is to the bean crop. 

Bean Blight and Bean Anthracnose were important the first half of 
the season in causing poor stand and seedling injury. As the dry 
weather came on, Bean Anthracnose largely disappeared and caused 
but little spotting of the seed beans. Bean Blight on the contrary as- 
sumed enormous proportions and caused wholesale injury to the leaves. 
Seed beans sent in for examination by the laboratory showed an un- 
usually high percentage of yellowed, shrivelled seeds. 

Well’s Red Kidney beans brought into the state for a test of Anthrac- 
nose resistance were in many sections a failure due to the severity of 
Bean Blight. 

A Bean Mosaic which has been seen on plants here and there for sey- 
eral years assumed last year an extremely important role. Whole fields 
were seen in which not a healthy plant could be found. This was 


‘especially noteworthy at one seed farm where a certain wax variety was 


being increased. Mr. 8. P. Doolittle of this department reported in Sep- 
tember successful inoculation experiments in which juice from diseased 
plants was used to convey the disease to healthy plants. 

The increasing importance of Mosaic diseases in general, the develop- 
ment of these new and unexpected epidemic troubles, indicates a field of 
work, worthy of scientific study. 
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SUGAR BEETS. 


A field of sugar beets near Menominee showed nearly 25% loss from 
Leaf Spot caused by Cercospora beticola. One half of the field had been 
in sugar beets the year before, and the other in grain. One could tell by 
the excessive amount of Leaf Spot present almost to the row where the 
beets had stood. Affected plants showed spotted, dry tops and high 
crowns. Definite, circular areas in which the disease was especially se- 
vere could be seen. It was supposed that these areas developed around 
old piles of tops. No better lesson in the value of rotation could be of- 
fered than what was evident in this field. 


OAT SMUT. 


Dr. Bessey and County Agent H. G. Smith made some counts in fields 
in Kent County in order to determine percentages of smut in treated 
and untreated fields. 


OAT SMUT IN FIELDS WITH TREATED AND UNTREATED SEED. 


BE 

: 533 

No. of aa 

Field of: Treatment. | heads Bo 43 Remarks. 
counted. “HO 5 
cs = 
on a 
he: 
| | 

Mr. Harrington (a).| Sprinkled formaldehyde 1,400 De cen c Same seed used in (b). 
a pt. to 40 gals. water. | (estimated) 

Mr. Harrington (b).}; Untreated............. &24 84 | 10.2 

Mr. Patten (a)..... Treated as above....... 600 2 0.3 

Mir Patten (pb)... - Treated as ahove....... 10,000 1 Wl Vian ae Swedish select variety 

(estimated) (probably). 

(Naimedost)5.<)...) Wmtresteds 2.5 -nucn ses 500 26 522 

Mr. Vanecek....... Treated in usual manner. 7,800 5h (ee Has treated for years. 

(estimated) 
Mr. Martindale....| Treatedin usual manner.) 18-20,000 1A ie sh ge 
(estimated) 
Wir TEETIGOU a jane ate ID Stoke ior nnnyerniey tare ad ot 600 140 | 23.3 
Mir Wilsons semis e Didmot treateacossch 1,200 83 6.9 | Ordinarily treats with a 
: patent compound. 
Mir Bailey. 22 .6....2 Two tablespoons formal- 660 63 | 10.5 | Evidently too weak. (1 
| dehyde in 16 aqfts. pt. to 64 gals. is rate 
water, sprinkled. used) 

TY ree 2G ioe ee Pansy Two tablespoons formal- | 900 28 3.1 
dehyde in 16 qts. 
water sprinkied (work- | 
ed in cooperation with | 
Mr. Bailey). 

Mr. McPherson. ...| Treated 1 pt. to 30 gal.| 18-20,000 0 0 | Has treated for 19 years. 
water, and little more (estimated) . 
formaldehyde TOs 
good measure. . 

Mr. Bennett....... AREER 100K Gira ceva Sloe 400 34 | 8.5 | Probably used same 

| method Mr. Bailey. 


These figures are fairly representative of conditions in general 
throughout the state. These figures show the enormous loss which came 
from failure to treat the grain. Losses as high as 33% are not uncom- 
mon in some fields. I have estimated the average annual loss per acre, 
from oat smut at $5.00 for the State in general. This is based on an aver- 
age loss of 10% of the crop. A questionnaire conducted by Mr. Bentall, 
County Agent of Allegan County placed the average loss at 8% in his 
county. 

The gain from treatment is also strikingly brought out. Where proper 
methods were followed the smut was reduced to a negligible amount. 
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The figures also show the failure which may come from using too 
weak a solution. Two tablespoonfuls to 16 quarts of water uses formal- 
dehyde at the rate of 1 pint to 64 gallons of water—far below the recom- 
mended strength. 

The value of treatment year after year is indicated, as well as the 
necessity of keeping on with the treatment in spite of a long history of 
previous treatments. Chances of contamination from the few smutted 
heads which do escape treatment, as well as the infestation which comes 
from the separator make this necessary. 


RYE SMUT. 


Observation on Rye Smut (Urocystis occulta) was continued again 
this year by Dr. Bessey. The following table gives a summary of the 
percentages of infection found: 


| 


Location of field. } Date. Per cent. Remarks. 
Dimondale, Eaton Co....... | June 28, 1916 5-6% | Poor stand due to flooding. Seed 
. | _ not treated. 

College Farm, E. Lansing..... July 5, 1916 4 of 1% | Measured length of rows and 
estimated number. 

South Haven, Van Buren Co.) July 15, 1916 1-5 of 1% | 

Big Rapids, Mecosta Co..... July 17, 1916 Small part of 1% | Three specimens found in a 
distance of 2,400 feet. 


Big Rapids, Mecosta Co..... | July 17, 1916 0 | Adjacent field. 


It would seem from these figures that rye smut is not as yet doing 
great damage in the state, but that it may become serious enough to war- 
rant treatment. Since infection occurs on the sprouting seed from 
spores outside the grain, seed treatment with formaldehyde as recom- 
mended for oats will be successful. It would seem advisable to begin 
this as a precautionary measure. 


THE RELATION OF WEATHER TO EPIDEMICS OF LATE BLIGHT 
OF POTATO. 


BY G. H. COONS. 


(Abstract of address given at New York meeting of Botanical Society of America.) 


Study of the epidemics of Late Blight of potato in Michigan in 1912 
and 1915 has indicated that there is a marked relation between weather 
conditions in July and the severity of the disease. 

The percentage of loss in various parts of the state was determined 
as accurately as possible by reports from potato buyers, county agents, 
ete. Comparison of the map made from such data with that showing 
the rainfall for July shows striking correspondence. 

From crop reports and records of the station, it is found that the 
epidemics of previous years have come in those years when there was 
more than an average rainfall in July. When such a July is followed 
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by a month of moderate or heavy rainfall, an epidemic of Late Blight de- 
velops. 

From a consideration of the rainfall conditions in the first half of the 
growing season it is possible to predict when spraying is especially nec- 
essary—a thing of great importance in view of the high price of Bor- 
deaux mixture and the necessity of economy in its use. 


A PHOMA DISEASE OF CELERY. 
G. H. COONS. 


For several years, growers of celery have complained of a disease of 
celery characterized by the rotting of the roots, leaving the plant with 
a conical, rotted base. Such plants turn yellow and topple over in the 
row. The disease has probably been referred to before in the literature, 
for numerous accounts have appeared in which the same pathological 
picture is described. The fungus Rhizoctonia has been suspected as 
the etiological factor. 

On rotted plants, the fruiting bodies of a Phoma were discovered. 
This fungus was obtained in pure culture and typical lesions were ob- 
tained in inoculation experiments. The etiological relation of the 
Phoma thus obtained has been fully established. The fungus in cul- 
ture and pathological habit greatly resembles Phoma apiicola described 
by Klebahn as producing the “Scab” of Celeriac. 

The fungus has been found to persist in greenhouses year after year, 
the disease appearing in the field only in the plants from houses known 
to be infested. In such cases plants in adjoining fields might be entirely 
free from the disease. The fungus shows marked susceptibility to high 
temperatures. Cultures made in mid-summer failed to grow. In this 
connection it is noteworthy that attack in the field is restricted to the 
first crop of celery which is set out in early spring. The second crop in 
rows adjacent to those showing complete failure frequently escapes the 
disease entirely. 


REPORT OF THE CHEMIST. 


Director R. S. Shaw, East Lansing, Michigan. 

Dear Sir:—I herewith submit a brief report of the work of the Chem- 
ical division for the year ending June 30, 1917. 

Two changes in the personnel of the staff occurred during the year. 
Mr. A. E. Smoll resigned early in April to accept a position as chemist 
with the Jacob Dold Packing Company, Wichita, Kansas, and Mr. FE. 
A. De Windt resigned June 1st to enter upon a business career. Both 
of these young men rendered valuable service to the institution. The 
vacancies will be filled by Percy O’Meara, of the class of 1917, and T. E. 
Friedemann who for the past two years has been an instructor in chem- 
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istry in the College department. These appointments are effective Sep- 
tember 1st. Mr. George Wible was employed early in April as a tem- 
porary assistant during the fertilizer season. 


CONTROL WORK. 


Fertilizer Inspection: Bulletin 278 giving the results of 549 samples 
of fertilizer analyzed during the season of 1916 was published early in 
the year. Owing to the increased cost of fertilizers this year and the 
evident increase in the amounts used, the annual spring inspection was 
prosecuted with more vigor than ever before. About 700 samples have 
been secured. The results of 518 samples already analyzed have been 
summarized for publication in circular form in advance of the fall sea- 
son. 


FEEDING STUFFS INSPECTION. 


The first feeding stuffs bulletin, No. 276, was published in November, 
1916, giving results on more than 800 samples. A smaller number of 
samples were collected this year owing to the scarcity of feed stuffs on 
the market. The analytical work has been finished and the results will 
soon be ready for publication. It is interesting to note that the num- 
ber of samples falling below guarantee this year is considerably less 
than the number found last year. 

During the last session of the Legislature a new feeding stuffs bill 
was introduced and passed. This bill is copied after the proposed uni- 
form law drafted by the Association of Feed Control Officials of the 
United States. The law will not become operative until April Ist, 1918. 
It will give us far better control over the feeding stuffs sold in the State 
than under the oldlaw. One of the requirements under the new law is the 
declaration of the ingredients used in compounding mixed feeds. This 
will require a microscopical examination of all mixed feeds in the future. 
We have given some attention to this phase of the subject during the 
past year but as proficiency along this line comes only with years of ex- 
perience, the extent of our examination was more or less limited. 

I would recommend that Mr. Berger be allowed to spend two or three 
weeks at some other institution where this work has been in progress 
for several years in order to become familiar with the methods used and 
learn something of the technique. 


INSECTICIDE INSPECTION. 


Special attention has been given during the year to preparations in- 
tended for treating wheat and other small grains for the prevention of 
smut. In every case these were found to contain formaldehyde as the 
active ingredient to which had been added some coloring matter and 
usually a small amount of carbolic acid and lye. These preparations 
were being sold in violation of the law in that no statement appeared 
on the labels as to the active and inactive ingredients. The retail price 
of the mixtures ranged from $1.25 to $2.00 per pint or from five to eight 
times the cost of formaldehyde. All of the manufacturing concerns resi- 
dent in Michigan were notified of the law and it is gratifying to report 
that steps were immediately taken by all of them to comply with the re- 
quirements, 
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HATCH FUND 


Further work has been carried on during the year in a study of the 
manufacture of concrete drain tile. The object sought is a tile which 
will not allow water to percolate through the walls. It has been found 
that this condition can be obtained very satisfactorily when the sand and 
gravel are graded according to Fuller’s curve. Still better results are 
obtained when the sand and gravel are graded according to Fuller’s 
curve and 10 per cent of cylinder oil is added to the water before mix- 
ing the concrete. Tile made in this w ay and then properly cured are 
practically impervious. This work will be ready for publication soon. 

Work has been done during the year on the composition of and 
methods for analyzing lime-sulphur solutions. This work is still in prog- 
ress and no conclusions are yet available. 

A short paper giving the details of a method for estimating calcium 
and strontium in the presence of phosphoric acid and small amount of 
iron was published in the Journal of Industrial and Engineering Chem- 
istry. 

All of the work under this fund has been done by Mr. Winter. 


ADAMS FUND 


Leave of absence for one year was granted to Mr. Robinson at the be- 
ginning of the year for advanced study at the University of Michigan 
where he received the degree of Ph. D. at the recent commencement ex- 
ercises. Mr. Robinson has directed the work under this fund during 
the year and the following report is submitted by him: 

“The manuscript of the bulletin dealing with the work done by Dr. J. 
IX. Harris under Project 2b, ‘Adsorption in relation to soluble fertilizer 
salts, has finally been completed. An article describing this work will 
also appear shortly in one of the chemical journals. 

“The investigation under Project 2ba, ‘The organic nitrogenous com- 
pounds in peat soils,’ have been continued along the lines previously 
laid out. The study of the various forms of nitrogen in peat soils has 
yielded positive results and more work has been done on the application 
of the methods of analysis perfected in this work to the analysis of other 
organic materials used in the manufacture of fertilizers. 

“The study of the effect of liming peat and muck soils, mentioned in 
the last report, has been continued and some interesting results have 
been obtained. 

“The preliminary experiments on the first problem taken up under 
Project 2e, ‘Adsorption in relation to osmosis in soils’ have been com- 
pleted and a manuscript describing them is ready for publication. Work 
on the second stage of the problem is progressing favorably and nearly 
enough data for a second publication are available.” 


MISCELLANEOUS. 


One hundred and ninety-five samples of a miscellaneous nature were 
analyzed during the year, and in addition, a large number of marl and 
limestone samples have been examined as to their value for applying 
to acid soils. 

Mr. Winter was appointed referee on insecticides for the Association 
of Official Agricultural Chemists and other members of the staff have 
collaborated on methods of analysis along other lines. 
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A four week’s course of lectures on Fertilizers was given by the writer 
to the short course students in General Agriculture. 
Respectfully submitted, 
ANDREW J. PATTEN, 
, Chemist. 
Kast Lansing, Mich., June 30, 1917. 


REPORT OF THE ENTOMOLOGIST. 


Director R. S. Shaw: 

Dear Sir—Following is a brief report of the work of the Division of 
Entomology for the year ending June 30, 1917. 

The year just passed has brought to us more than the ordinary num- 
ber of problems, the season of 1917 opening with rains and cold weather, 
continuing up to the present moment almost without intermission. 
These conditions have been favorable to a number of insect pests, which 
have succeeded in doing quite a bit of damage. 

Plant lice have been plentiful on almost everything, fruits of all kinds 
suffering in consequence. Root maggots have levied far more than their 
ordinary toll, the onion maggot and cabbage maggot making much trou- 
ble early in the season, and the bean maggot causing very heavy losses, 
and continuing their work up to the present moment. The Closer Leaf 
Beetle was present in some districts early in the season, and a snout 
beetle on alfalfa is becoming common in the state, even destroying en- 
tire fields in some regions. This snout beetle, Sitones hispidulus, while 
it has been noted in the state before, is working on all the clovers, and 
is gaining in numbers rapidly. The Fruit Tree Leaf Roller has con- 
tinued to thrive in restricted areas, and has proven very difficult to con- 
trol. A borer in young corn plants, resembling the Tomato Stalk 
Borer, if, indeed, it does not prove to be the same thing, has appeared in 
some fields and destroyed the young corn plants wholesale. The To- 
mato Stalk Borer, Papaipema nitela, is at present ravaging the potato 
fields, tunnelling in the stems of the plants and killing many outright. 

The test on the comparative values of various insulators to be used 
in double-walled bee hives was temporarily discontinued during the 
present season, owing to a change in the personnel of the department. 
It will, however, be taken up during the coming winter, and we hope, 
completed. 

The investigation of the new peach difficulty in the western part of 
the state, has been diligently pursued during the present year, and much 
progress has been made. We feel quite confident of the successful out- 
come of this investigation. The difficulty is due to an insect that pro- 
duces blemishes on peaches—especially on Elbertas. These blemishes 
do not injure the fruit very much for consumption, but fruit which 
would otherwise be classed as fancy, has to be disposed of almost as 
‘culls. 

The investigation of a pest causing Witch’s Broom in gooseberry, has 
been carried on, and the prospect of a successful outcome of the work is 
very promising. A series of experiments has been instituted looking to 

41 
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the control of Woolly Louse in young apple trees in the nursery. This 
question is one of prime importance, but we do not hope for immediate 
results, since the question is an old one, and one that has occupied the 
attention, both of entomologists and nurserymen for many years. We 
do not despair, however, of finally discovering some method that will 
make it possible for the nursery to send out really clean stock without 
discarding an unreasonable percentage of their young trees. This latter 
experiment is in cooperation with one of the largest nurseries in the 
state. 

During the year Mr. G. C. Woodin resigned, in order to pursue gradu- 
ate work elsewhere. Mr. Woodin left on the 1st of September, 1916. His 
place has been filled by Mr. P. B. Wiltberger, who took up his duties on 
the Ist of April, 1917. Mr. Wiltberger, is, at present, doing considerable 
field work in the control of the insect enemies of fruits and field crops, 
and is employed by the Station for half of his time. I regret te have to 
report that Doctor G. D. Shafer, Assistant Professor in the College and 
Associate Entomologist of the Station, leaves us on the 1st of September 
next. Doctor Shafer intends to take up private work in the west, at 
least for a time. No one has as yet been appointed to fill his position, 
which deals almost exclusively with investigations of basic problems. 

During the year many insects have been reared, and records made of | 
importance to the agriculturist, and one bulletin has been prepared by 
Doctor Shafer, the title of which is “A Study of the Factors which Gov- 
ern Mating in the Honey Bee.” This bulletin is, at present, awaiting the 
action of the Experiment Station Council. Another bulletin, dealing 
with the classification of the Orthoptera of Michigan, is well under way, 
and we expect to present this very shortly. A number of press bulletins 
have been prepared, dealing with various insect enemies as they have 
appeared. 

Respectfully submitted, 
B:-H., PEP EEE 
Entomologist of Experiment Station. 
East Lansing, Mich., June 30, 1917. 


REPORT OF THE DIVISION OF HORTICULTURE. 


To the Director: 

Sir—I herewith make a report of the Division of Horticulture for the 
year ending June 30th, 1917. 

During the past year special attention was paid to the following ex- 
periments which are here briefly referred to: 

The dusting and spraying experiments in apple orchards were con- 
ducted on a commercial scale at Morrice and Grand Ledge. The idea 
was to make a comparative test of the value of these different ways of 
protecting apples from the ordinary diseases and insects and also the 
economics of the different methods. The sprayed portions of the orchard 
contained a much greater percentage of good fruit than those parts that 
had been dusted. While it is true that the dust can be applied much more 
rapidly than the liquid, the cost of the material for the dusting was 
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nearly four times as great as the liquid. It may be that future tests 
will show that a greater number of dustings must be made than spray- 
ing and whether with the great difficulty in securing labor, it will not 
be more economical even if there is a somewhat larger percentage of 
scabby fruit. 

A test has been started to determine the comparative value of the 
self-boiled lime-sulphur as a protection from the ordinary peach dis- 
eases, and the dusting. This is being made at Bangor. 

Experiments in spraying raspberries to protect them against the com- 
mon disease known as Anthracnose, that have been carried on at Eaton 
Rapids in 1914 and 1915, are now being made at Leslie and at this time, 
favorable results are apparent from the use of commercial lime-sulphur, 
one part to 20 parts of water, made when the bushes are dormant. 

Comparative tests of several commercial preparations for the spray- 
ing of apple orchards were used, together with home-made standard 
preparations and the commercial lime-sulphur and arsenate of lead. 
None of these patented commercial materials were as satisfactory as 
the home-made materials or the ordinary commercial lime-sulphur. Many 
of them were ineffective, caused injury to fruit or foliage and were hard 
and disagreeable to prepare. 

Potato spraying experiments were continued but since the crop was 
exceedingly small, no definite or reliable results were secured. 

An experiment in the spraying of grapes was carried out at Paw Paw. 
The idea was to try and determine if something cheaper and as satis- 
factory as copper sulphate could be used. Owing to the very high price 
of the copper sulphate in 1916, this was desirable. The tests included 
Bordeaux mixture at various strengths, ammoniacal copper carbonate 
and several patented compounds and also a number of different sprays. 
The results show decidedly that the Bordeaux mixture sprays were the 
best and the one made with 4 pounds of copper sulphate, 4 pounds of 
lime to 50 gallons of water and applied four times was the best of all. 

The experiments to determine the value of preserving fruits and vege- 
tables by freezing at a low temperature have shown that it is possible 
to hold several kinds of fruit in good condition. Nearly all of the 
smaller fruits, such as cherries, currants, gooseberries and raspberries, 
have been preserved very well. Strawberries which had been frozen 
were not desirable. The quality of sweet corn after freezing was not 
very good. The corn was rather watery and not very sweet. Frozen 
asparagus when cooked was dark, tough and strong. Cooking tests were 
made by Professor Mary Edmonds of the Domestic Science department. 
Experiments were carried on in 1915 and 1916 to determine how long 
freshly cut asparagus can be held in temperatures above 32 degrees Fah- 
renheit. It was kept in good condition for two or three weeks when set 
in water. The most desirable temperature is probably a few degrees 
above freezing, 35 to 38 degrees. 

A patented peach tree borer protector that fitted around the base of 
the peach tree with the idea of making it impossible for the borers to 
work into the trunk of the tree was tested out in the peach orchard at 
Morrice. They were placed on the trees in June, 1916. They have kept 
the trees free from the borers where the cemented joints of the pro- 
tectors were not broken open by the growth of the trees but about one- 
third of them have been broken open in this way. There was practically 
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no difference in the amount of borers where this protector had been used 
in this way and where the trees were not protected at all. 

It was desired to determine what length of time asparagus would re- 
main in wholesome condition when placed in commercial cold storage. 
There may be a few excessively warm days in the spring when growers 
would harvest large quantities of asparagus. These days might be fol- 
lowed by a period of low temperatures and growth practically ceased. 
Could the asparagus be temporarily placed in cold storage and retain 
its fresh qualities and for how long? Experiments were started in 1915 
and continued in 1916. 

Two methods were used: (1) The bunches were simply packed in 
paper lined boxes or baskets and (2) the bunches were set in shallow 
water in pans. In 1915, asparagus was stored over the ice in an ice 
house and in an egg room at the Lansing Cold Storage. In 1916 it 
was stored in the egg room only. The temperature in the ice house 

See from 34 to 38 degrees Fahrenheit and in the egg room was lower, 

2 to 33 degrees. Record was nade of the weight and length of bunch 
Ww pen placed in storage and at intervals after that. 

In 1915, the bunches in the egg room which were set in water averaged 
6.6 ounces in weight and 7.5 inches in length. There was an increase in 
weight of 0.2 ounces in a period of 10 days. There was no appreciable 
change in length. That stored in water lost 0.7 ounce in weight without 
any change in length. When not in water, the stalks had wilted and 
were slightly shriveled while that set in water was firm and bright and 
in good condition. The bunches in baskets in the ice house showed no 
loss in length or weight, but the stalks were slightly wilted. The bunches 
set in w ater ay eraged 7 7.4 ounces in weight and 7 inches in length. There 
Was an increase in weight of 1.3 ounce and 0.2 inch in length in a period 
of 12 days. The condition was very good; in fact, no difference could be 
noticed between it and freshly cut stalks. Some of this along with 
freshly cut asparagus, was sent to the Domestic Science department to 
be cooked. That which had been stored in water was found to be as de- 
sirable as the freshly cut. 

In 1916, the experiment was continued over a longer period to see 
how long the asparagus would remain in good condition. It was found 
that after two or three weeks, the stalks wilt and later soften. This is 
evident first a the tips, then it develops downward. Any temperature 
lower than 32 degrees F’. will cause asparagus to become dark and soften. 

The results from this work indicate that asparagus can be held in 
good condition for at least two weeks if set in water. The most desir- 
able temperature is probably 36 to 38 degrees or possibly a little higher. 
At this temperature there is no change of any consequence in either 
weight or length. 

Extensive experiments in cross breeding are under way at the Sub-sta- 
tion at South Haven. All of this work is done in full cooperation with 
the Bureau of Plant Industry of the Department of Agriculture and in- 
cludes crosses of all of the tree fruits, grapes, and some of the small 
fruits. 

Other experiments are under way but at the present time are not far 
enough developed to draw any conclusions. These are on the farms of 
the following parties: 
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George Winegar & Son, Morrice, 

J. E. Merritt, Manistee, 

C. H. Whittum, Eaton Rapids, 

T. A. Farrand, Eaton Rapids, 

B. F. Hall, Belding, 

L. E. Hall, Ionia, 

C. W. Garlock, Grand Ledge, 

John Strange, Grand Ledge, 

Oscar Braman, Grand Rapids, 

L. A. Bregger, Bangor, 

KK. W. Potter, Leslie, 

Joseph Sill, Onaway. | 

Respectfully submitted, 
H. J. EUSTACH, 
Horticulturist. 

East Lansing, Mich., June 30, 1917. 


REPORT OF THE DIVISION OF FARM CROPS. 


Director R. S. Shaw, East Lansing, Mich.: 

Dear Sir—I have the honor to submit the following report for the 
Division of Farm Crops for the year ending June 30, 1917. 

The resignation of Professor V. M. Shoesmith was accepted by the 
State Board of Agriculture, and went into effect April 1st. Before tak- 
ing leave, Professor Shoesmith completed a report of the fertilizer and 
rotation experiments which have now progressed for six years. The 
greater part of the data included in his report is here given. In gen- 
eral, the results obtained from this extensive project increase in value 
year by year, and work will be continued under the direction of the de- 
partment staff. It was decided that certain plats have run their course, 
and that continuation is no longer advisable. These have been discon- 
tinued and the land used for other purposes. In the main, however, the 
project will be continued as originally planned. : 

Experiments with the rate and method of planting beans, the effect 
of field selection of beans on yield and disease resistance, and experi- 
ments with various varieties of soy beans for silage purposes, are under 
way. A project, aiming to determine the effect of various companion 
crops on seedings of clover and alfalfa, and the effect of time of seeding, 
and subsequent handling of same, is also being carried out. 

The variety test work with corn on the Station farm is being continued 
under the direct supervision of Eugene E. Down. Work of a similar 
character has been extended to a number of communities widely scat- 
tered over the state. Twenty-six variety tests of corn, including local 
varieties and the best varieties of possible worth obtainable, have been 
put out at widely distributed points. It is thought that these variety 
tests will do much toward determining the varieties best suited to the 
section in which they are conducted. 
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Further details of the work of the division are embodied in the re- 
port of F. A. Spragg, Plant Breeder. 
Respectfully yours, 
J. F. COX, 
Acting Head, Division of Farm Crops. 
Kast Lansing, Mich., June 30, 1917. 


PLANT BREEDING. 


Professor J. F. Cox, East Lansing, Michigan: 


Dear Mr. Cox—The work in Plant Breeding in my charge during the 
past ten years may be summed up briefly in the form of results. 


A view of Field No. 8 in 1912 showing yield of 75 bushels per acre of Worthy oats. 


Figure 1 shows a view of a field of Worthy oats giving a yield of 75 
bushels per acre in 1912. This oat is yielding at least ten bushels per 
acre above common. There are about 50,000 acres of these oats now 
growing in Michigan. At $.60 per bushel, these oats will give Michigan 
approximately $300,000 in 1917 over what it would have received with- 
out it. 

Figure 2 shows a portion of the three hundred acres of inspected Red 
Rock wheat now growing in Allegan county. In the state of Michigan 
in 1917 there are approximately 4,000 acres of this new grain which is 
yielding from five to ten bushels above common wheats. At $2.50 per 
bushel, considering a gain of only five bushels per acre, this new wheat 
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View of Red Rock Field. 


A Field of Rosen Rye. 
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will yield Michigan in 1917 an increased income of $50,000 without 
plowing or harvesting another acre. 

Figure 3 shows a field of Rosen rye, a crop that is producing twice as 
much grain as the old time common rye. In Jackson and eastern Cal- 
houn counties there are approximately 500 acres of this grain per town- 
ship, averaging about thirty bushels per acre with much of it yielding 
much above this. There must be at least 15,000 acres of this grain in 
1917 producing about 200,000 bushels above what would have been pro- 
duced by the old time common rye on the same acreage. At $2 per 
bushel this is a saving of $100,000 for Michigan in 1917. 

The Worthy oats, Red Rock wheat and Rosen rye are only examples 
of what this work is doing and is capable of doing. The figures are for 
1917 valued at market price. 

If only a quarter of this grain be used for seed for 1918, the added in- 
come would be somewhat as follows: 


Worthy oats would plant.... 250,000 acres and save $1,500,000 
Red Rock wheat would plant 16,000 acres and save — 160,000 
Rosen rye would plant...... 160,000 acres and save 4,000,000 


The policy has been to introduce the best at the time of introduction, 
and then to introduce a better variety when it can be produced, tested 
and increased. Thus, the Shepherd’s Perfection wheat was introduced 
about three years ahead of the Red Rock. In several districts which the 
writer has recently visited, the Shepherd’s Perfection constitutes fifty 
to seventy-five per cent of all the wheat being grown for a distance of 
at least five miles in any direction from the point of introduction. 

The spread of these new grains is contagious. 

Respectfully submitted, 


FEF. A. SPRAGG, 
Plant Breeder. 


East Lansing, Mich., June 380, 1917. 


ROTATION, MANURE AND FERTILIZER EXPERIMENTS. 


BY PROF. V. M. SHOESMITH. 


These experiments are located in Field 9 of the College farm which 
is the second field south of the river on the east side of the farm lane. 
The soil is a miami sandy loam to a clay loam, with a few clay spots 
which have a comparatively low organic content. The previous crop- 
ping of this field was the same as for other fields of the farm, viz., a ro- 
tation of corn, oats, clover, hay and pasture. A fairly liberal applica- 
tion of manure, ten to twelve tons per acre, has been made once during 
the rotation at least on the higher portions of the field, and usually most 
of the field has been covered. No commercial fertilizer or lime so far as 
known has ever been applied to this field previous to the inauguration of 
this experiment. The field was in a fairly productive condition at the 
beginning of the experiment. 

A portion of the field was tile drained previous to the beginning of 
the experiment, which, with the natural drainage was considered to pro- 
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vide sufficient drainage. However, some of the plats were found to be 
poorly drained, especially during the wet spring of 1912 and an addi- 
tional system of tile drainage was put in in the fall of 1912. Additional 
drainage is still required for a few of the plats in the 200 series. 

Each plat is 3114 feet by 138.3 and contains one-tenth of an acre, ad- 
jacent plats being separated by alleys three and one-half feet wide. 

It should be noted that in the fertilizer plate Series I, in which the 
fertilizer is applied to a corn, wheat, clover rotation, the plats are tri- 
plicated (in the same series) so that each crop of the rotation is grown 
each year. Likewise that the rotation and manure experiments in 
Series II are triplicated in Series III and IV for the same purpose. 

During the spring of 1912, or the second year of the experiment, the 
north half of all of the plats in Series I and II were treated with ground 
limestone at the rate of two tons per acre. It was the plan at the time 
to apply lime to all the plats later if it was found beneficial. However, 
in 1912, 1918 and 1914 very little if any difference could be observed in’ 
the growth of the clover on the limed and unlimed portions of the plats. 
In putting in the tile drains in the fall of 1912, lime-bearing subsoil was 
found so that conclusion was reached that a general application of lime 
was not essential at that time. In 1915 there was no apparent difference 
between the limed and unlimed portions of the check plats but on all 
the fertilizer plats the limed portions produced an appreciably larger 
growth of clover with less grass and weeds than the unlimed portion. 

In 1916 the effect of the lime applied to Series I was much more no- 
ticeable than previously and could be readily observed on most of the 
clover plats. The plats to which fertilizers were applied, however, 
showed a much more marked effect from the lime than the unfertilized 
plats, the unlimed portions containing more June grass, red top, sorrel 
and other weeds, and more alsike clover and less red clover, as well as a 
smaller total yield as compared with the limed portion. - 

In the fall of 1916 carbonate of lime secured from I. E. DuPont De 
Nemours Company of Bay City was applied in a very dry condition at 
the rate of three tons per acre on all the plats in Series I, II and III. ° 
(It is planned to lime Series IV during 1917). A chemical analysis 
made of several samples taken late in the fall after the application had 
been made, indicated a slight acidity still, but it may be that this will 
not be true after lime has been more thoroughly incorporated into the 
soil. 

The cultural conditions have on the whole been as favorable as could 
well be provided. Early maturing varieties of corn and the pedigreed 
varieties of small grain developed by the Experiment Station have been 
used. The yields of small grain have been very satisfactory, in fact all 
that could be expected. The yields of clover have been medium to good 
but somewhat spotted. The corn yields on many of the plats have been 
rather low, the corn making a slow growth throughout the season and 
maturing poorly doubtless on account of the rather unproductive con- 
dition of this field and the fact that no manure has been applied during 
the rotation. 


FERTILIZER EXPERIMENT. 
In this experiment the fertilizer is applied to wheat in a corn, wheat, 


clover rotation. All the fertilizer has been applied in the fall at the time 
of seeding with the exception that one-half the nitrate has been applied 
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in the spring. The yields of wheat, clover and corn value of increase, 
cost of treatment and net value of increase per rotation are given in 
Tables I and II. The clover yields for 1911 and the corn yields for 
1911 and 1912 are not included because the treatment had not been 
made and the clover yields for 1912 are not included because of irregu- 
larity of growth due to soil variations. 


TABLE I.—RESULTS OF APPLICATION OF FERTILIZER TO WHEAT IN CORN, WHEAT, 
CLOVER ROTATION, 1911-1915. 


Average Average 
Average : ; 
vied | gleld | ield com | vatue of | cost of | Net value 
whea increase n- 
Treatment per acre. (3 crops) (3 ees) Beene year crease per 
after Periitized Teculieed rotation. : rotation. 
fertilized. cibat eat y 
Nomentilizense: = cei.-.ceeoe foe 21.38 1.61 BBB leat sensyore ash 10.0 | ecakele dee evensyel| eget chee 
75 lbs. nitrate of soda.... 
200 lbs. acid phosphate... . 34.28 2.03 43.07 19.24 aus 13.51 
if tbe. aiate potash. 
i s. nitrate of soda 
200 Ibs. acid phosphate, ae 29.96 1.95 40.1 12.03 Bitola) 8.18 
2 s. acid phosphate... . 
75 Ibs. muriate of potash. } 31.68 2.03 42.8 16.27 3.48 12.79 
z08 nS Bad Dee seo aaic 27.68 1.98 40.0 10.21 1.60 8.61 
gs. acid phosphate... . 
sh tg eda aca ae } 25.56 1.83 40.0 6.80 1.25 4.55 
200AbsMloatse es. 25.06 1.88 40.0 6.85 .90 5.95 


In compiling these data none of the yields of individual plats were 
assumed to be in excess of those from other plats receiving the same 
and additional fertilizer ingredients. 


TABLE II.—YIELDS PER ACRE OF CORN, SECOND YEAR AFTER FERTILIZED WHEAT, 
IN A CORN, WHEAT AND CLOVER ROTATION, 1913-1916. 


Average 
Treatment per acre. 1913. 1914. 1915. 1916. for 4 
years. 
WNotfertilizeniy.}.sotic~ tre oe eee Seed hetens 47.0 32.8 36.8 23.3 35.0 
oMDSanithateromsodadn. > semicon eee 
200 Ibsacidi phosphates ©. .2.e. eneres 56.2 40.1 43.7 34.3 43.6 
fs abe: marlate of potash. siamo. Acta sneueteds 
5 Ibs; nitrate orsodarx s.2 1 «0 < cisere 
200 Ibs. acid phosphate... .- 2... 44.5 33.2 42.1 30.5 37.6 
2 S) acid phosphate. = mc ater-sepaetslelel= 
15 lbs, muriate‘of potash .6 22... sss 56.2 37.3 43.7 32.5 42.4 
200 Ibs. acid pHOSsplate’s pec cree «cracere in spe 46.5 33.2 42.1 2850 Si ot 
ZOOMDS Moats. cesses cai ie cease ere ere 44,5 34.8 38.5 25.0 35.7 


The use of the fertilizer has resulted in a much larger increase in the 
case of the wheat than either the corn or clover. However, the residual 
effect of the fertilizer is very noticeable in the latter two crops. 

It will be noticed from a study of Table I that the highest value of in- 
crease per rotation was secured from the use of the complete fertilizer, 
the second highest from the acid phosphate and muriate of potash, third 
from the nitrate of soda and acid phosphate, fourth from the acid phos- 
phate and the least from the floats. The net value of the increase, i. e., 
the profit after paying for the fertilizer, takes the same rank as above 
though the net returns from the complete fertilizer are not greatly in 
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excess of the acid phosphate and muriate of potash and the nitrate of 
soda and acid phosphate has proved but little better than the acid phos- 
phate alone. On lands liberally treated with barnyard manure these 
differences would probably be smaller or would disappear altogether. 
The floats or raw phosphate rock, though costing only a little over one- 
half as much as the acid phosphate and carrying approximately twice 
as much phosphoric acid has given only about half as good net returns. 

It should be noted that all the fertilizers have been used with good 
profits. The conclusion would seem to be warranted that on farms of 
similar soil types the use of proper fertilizers should prove profitable, 
provided, of course, there are no other factors such as lack of drainage, 
proper culture, etc., that seriously limit production, and that the use 
of a complete fertilizer should pay best in case a limited amount of ma- 
nure is available, while on well stocked farm the phosphorus and potash 
would probably be used most profitably. 


MANURE EXPERIMENTS. 


In the manure experiments the manure has been taken from the cow 
stable and placed in a pile which has been forked over several times so 
as to mix it thoroughly and make it as uniform as possible. Later it 
has been divided and certain lots treated as per plan, the treatment usu- 
ally being made four to six weeks previous to applying to the field. The 
yard manure has been placed in a large open box outside while all the 
other lots have been preserved under cover. The manure has been ap- 
plied to the corn crop in a corn, wheat, clover rotation two to four weeks 
previous to plowing. 

The yields of corn and clover from the several treatments are given 
in Tables 3 and 4. 


TABLE III YIELDS PER ACRE OF MANURED CORN IN A CORN, WHEAT AND CLOVER 
ROTATION, 1911-1916. 


Average 
Treatment per acre. 1911. 1912. 1913. 1914. 1915. 1916. for 6 
years. 
No manure or fertilizer......... 38.5 41.3 46.8 20.3 32.0 20.0 33.2 
DS TOUS; yard MaMUTe er says cst 45.7 46.3 51.0 38.1 40.9 26.1 42.4 
5 tons oat TRADING eens see 45.7 46.3 56.6 38.1 43 .0 26.2 42.7 
oons stallmanure. >... si. 
200 Ibs. acid phosphate. ...... 57.0 48.4 60.8 46.7 47.4 32.0 48.7 
tons Stall manure... ...0..... 
BOs Hints ci iste ieee, 51.0 49.3 57.2 48.2 43.0 28.4 46.2 
TO ons Sthalkimmamumte..ciercs a ecceteveteu 52.0 48.5 65.7 51.6 48.8 28.7 49.2 


TABLE IV.—YIELDS PER ACRE OF CLOVER, SECOND YEAR AFTER MANURED. CORN 
IN CORN, WHEAT, CLOVER ROTATION, 1915-1916. 


Treatment per acre. 1915. 1916. Average. 
OM ATIOIECH 2 Soe teck Daa ckt thee ce hhs & Seb ads A oRemep es AR ee pee eRe UL ey 1.78 1.50 
5) UOTE ERG spear Cerathe aro Semen Lame eae eu NeECRE: CC aB yee era Aaa MERLE 1.67 2.45 2.06 
EIMUCTIS SU Aeot eta tact nis, © one tare canleee reece. utero eee le sans Praprevo tts Tis wate vine 1267- 2.45 2.06 
PAOMSeSpalloaAnGd ACG PROSDUALE: beh keto che ceolsl vty s wabtee le «bac s 2.06 2.63 oo 
PRUCINe A UIRATION LOGS cerca cestemcrie ssn: Ts caxeetnia: sete chad ehN oy seetNe ie Oe aa Ugo: 2.50 | 2.16 
MU CLISESU TULUM RIE RY ate Neth Sothe, Pic for oten chet a isereeeie clench e eiel cremated Aulisitlies Grafs 1.91 2.82 2.37 
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All of the manured plats have produced much better yields of all the 
crops of the rotation than have the plats receiving no manure, the in- 
crease in the wheat and clover yields being as great, in fact somewhat 
greater than those of the corn to which the manure was applied. The 
residual effect of the manure, as would be expected, is greater than of 
the commercial fertilizer applied in Series I. 

Attention is called to the relatively high values placed upon the ma- 
nures, viz., $3.25 and $3.81 per ton for the yard and stall manure, re- 
spectively, when applied at the rate of five tons per acre, and $3.43 per 
ton for the stall manure when applied at the rate of ten tons per acre. 

These figures should not be accepted as representing manurial values 
under all ‘conditions. On soils abundantly supplied with organic mat- 
ter and available plant food or with heavy applications, the price per 
ton would be less than these figures would indicate. These data, how- 
ever, Show the value of manure under conditions prevailing in this ex- 
periment and.indicate clearly the relatively high values that should be 
placed generally on live stock manures, and should encourage farmers 
to inaugurate systems of management which will stop the excessive 
waste of manurial elements which takes place on most farms today. 

Although the manure used alone has given such splendid returns the 
imanure W vhich has been Teor ced by acid phosphate at the rate of two 
hundred pounds per acre has given approximately twice as large re- 
turns, i. e., the manure re- inforced with acid phosphate has produced a 
sufficient increase to place a value of $7.00 per ton on the manure after 
paying for the acid phosphate. The manure, of course, carries only a 
small amount of phosphorus and evidently the lack of phosphorus is to 
a very large extent a limiting factor on this land (as it is more or less 
generally about the state) so that the use of phosphorus with the manure 
is much more profitable than the use of the manure alone. 

The use of floats or raw phosphate rock is sometimes recommended as 
a carrier of phosphorus, especially when applied with manure or plowed 
under with a green manure crop. In this experiment the manure which 
has been re-inforced with the floats at the rate of two hundred pounds 
per acre,thas made somewhat better returns than the untreated manure, 
but not ‘nearly as good as the manure which has been reinforced with 
acid phosphate, the net value of the manure treated with floats being 
$4.68 as compared with $3.81 in the untreated manure and $7.00 for the 
manure treated with acid phosphate. When it is desired to use the car- 
rier of phosphorus as an absorbent in the stable it may be that the 
cheaper material (floats) would prove the more satisfactory but even 
under these conditions it probably would be better to use a still cheaper 
absorbent, such as muck or peat, and use the acid phosphate to supply 
the phosphorus. 


ROTATION OF CROPS AND CONTINUOUS CROPPING EXPERIMENTS. 


This experiment includes a number of three year rotations and several 
plats devoted to the growing of the same crops continuously. The ob- 
ject in the rotation experiment is to determine the effect of growing one 
crop after another and the relative profit from the different crops and 
from the: different rotations. The clover is introduced in nearly all 
these rotations as an aid in maintaining the fertility of the soil and so 
that this experiment may represent as nearly as possible actual farm 
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conditions. The number of crops in the rotations has been limited to 
three so as to limit the variable factors so far as possible. 

In the corn, beans and clover; corn, beets and clover; and beets, corn 
and clover rotations the seedings of clover have not as a rule been suc- 
cessful and soy beans have been used as a substitute for the clover. 

The growing of the same crops continuously has been introduced in 
the experiment for the purpose of securing experimental data and as a 
demonstration in continuous cropping in comparison with the rotation 
of crops rather than as a desirable farm practice. 

The annual yields of the various crops are given in Table 5 and in 
Table 6 are presented the average yields and the total value of crops per 
rotation. 


TABLE V.—YIELDS PER ACRE OF CROPS GROWN IN ROTATION AND GROWN CON- 
TINUOUSLY. (GRAIN IN BUSHELS; HAY AND BEETS IN TONS.) 


1911. 1912. 1913. 1914. 1915. 1916. AV. 

Corn, oats, clover: | 

FOU EU tae cyy cap ee beset caus ee 34.1 50.9 | 43.4 36.0 19.6 22D, 34.4 

Wages. apieen shee) te Ween ee 28.1 AAS |e ong 43.5 hoe 50.4 44.0 

(CALS R ICO R are ptve ct aR eae Ie tie ia beet Unie a Bon ra ie EGG Tecra 91 1.18 1.28 
Corn, rye, clover: 

(OTIS eA Ms ioe Wacns mien tres 29.7 45.3 49.2 Sie 34.0 DOD Bons 

TUNA i eee aL Pa BaP tet Be 2940 era one 28.9 ites, Prat Bi flere 29.3 

GON GT reas css anata rae ay ton othe mil | Senin iol oped TES 1.41 iL BY es 1.53 
Corn, wheat, clover: 

(SOTA Whey Sed adie tee tole nae eae RES 3o'.0 45.3 46.8 33.4 32.9 20.0 36.0 

Wheat Maas Retin eet aie) ekeLe OME 36.4 24.8 202% 21.0 het 14.7 23.4 

CLONE Tae ata rete oie a oa begin eed late we nee 1.46 1.63 122 1.78 oy 
Corn, wheat, timothy: 

Gonnnts Ferns chic ote ene 34.2 43.1 38.9 29.8 34.0 20.6 33.4 

\IGLOVEE rT i teen A Caen fey eee ee 44.2 Sea 16.8 16.0 16.7 13.0 20.4 

NCTOW ETyrters este eve oie eeieicare, all eee reread tee cg te ge .90 1.68 1.38 ibe toh) 1.45 
Beans, wheat, clover: 

HSC RUT Seen a cysts Oye ce eee US3 20.3 22)..5 22.8 Gis T) Aldo onan V4.1 

Wheat Be ce aA lone en, Sa a ae 36.0 24.4 107 7 24.9 32.2 18 Pty 

GLOWS seat ash talons pe hots bcd ae Be hci ice lh ey Sia 1.50 1.09 dee, 1.42 
Beans, oats, clover: 

IBGanise st sees Pete eas sce 10.9 19.0 20.8 Wa)p 76 PsByl ik eeeei aes 11.4 

(OH eee rae eee en 44.1 231.8) 286.7 Some 66.1 Si 50) 40.2 

CLOVER Site Lee ke rites asa er eae ee bee eeeks OSPR ASS ae ae 1.92 1.89 1.59 
Potatoes, wheat, clover: 

RO TATOES sation ee ere tos etheads = 65.7 46.5 194.5 UPA aCh 60.0 14.8 92.4 

Wale ats rete RCL Rn oo eae 39.3 oilee 29.2 rafal 26.9 ilyeesa! 28.5 

CCTV ETS rte ap atoueksrixe are tN aucun cake call he, haters eT ements 1.89 1.47 163 2.09 1.59 
Potatoes, rye, clover: 

ROLATOES Ss weit.cam biekraous «Gwoe 62.5 Ge 154.5 174.0 RRS! 14.8 96.5 

TRA ERA icile tegen Piaaleie Sree ac aE eee ae eae 30n3 43.0 Sy, 5 20.0 24 Shiai 30.6 

(OUGON AGREE ena ne Ree De Lee eR eet RAT IE TEL] Men eee he 2 13 Tey fats) 1,598 2.413 1.88 
Beets, Corn, Clover, Soy Beans: 

IBGE ae a cer Re ote by aa Oia on ti 47.9 32.8 44.4 40.6 yl pal 8.4 34.2 

Commi beets) rraceateue ons beter 5.05 ATS ial eee vee 4.88 4.63 7.48 4.48 

(MO Se eg Re reer an Re nae bel I Bee SA ae phy REDS Ie he a ah he .50 1.76 1.13 
Corn, beets, clover: ? 

OTA eseers yEs O8 CEL te oe 42.0 52.6 50.2 47.4 30.9 14.3 39.6 

SOUS SER aa ivan a eetaiea tote 6.43 ReAO seen sea 2.40 7.38 6.17 4.63 

CLOW G Tarek Opera Gucci ais oe eed ical cee ee ceo Ee ont 20.70 8.67 6.5 11.96 
Beets, oats, clover: F 

BECiSe ty iri ad actoen nes ste 10.40 (Seno sl awee te foe nes 4.75 5.39 6.99 5.61 

Oats a Hoe eae. ee Phone 34.1 45.3 27.4 30.8 122, 26.0 39.3 

CIOVEL tant Rt AE, cracoe nie Lake tata cea: ne OE, «meee ee 14.8 1.70 2.04 2.02 
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TABLE VI.—AVERAGE YIELD PER ACRE AND VALUE OF CROPS GROWN IN ROTATION 
AND GROWN CONTINUOUSLY. 


Total 
: value of 
Rotations and average crop yields per acre. crops per 
rotation. 
COTS dace: Otc4%). DU. Oataence AZ-0 bu. (Glover. << sla crest 1).28 TODS’ =. oe $50 56 
Cormseho ss. nose ADIs VOuRiees 29.°3> (pul (Cloveryosciececw: ce 153 TOME. silks 59 41 
Corn....... 36.0 bu. Wheat 234 puss (Clovere sto 2 ete 1552, TONS! eee 59 66 
COM: -«70. Soe, Due Wheat 20:4 “bu.> 2Bimothy. 2 sons. 1.45 tons «524, 54 57 
Beans. ocx 14.1 bu. Wheat 44.2520) Jbus, -<Clover.ii.joci.ctetaee 1.42 tons.. 61 12 
Beans... 4. M14. bus Oats ses. 40-2" (Dlis < “ClOVer= sein ncrt scree 159) tons’? cae 49 35 
Worle. 30.8 bu. Beans..... 10.0 bu. Clover, soy beans 9,13) oda octetiell ae cee 
Potatoes ...23. 9605) bus. Ryerson S056 bul ‘Glover: s2scn eee 1 SS8tonss aia. 83 65 
Potatoes.... 92.4 bu. Wheat o2020. DUL4. Glover: tis. sce L259 tons sneer 83 13 
Beets .). ee baG tons) sOatsenr. sic 39:.23)+(bUn (Clover cr.. sti etal 2.02 tons. ..... 62 00 
IBGCTS ia ci cres 4.48 tons Corn...... 34.2 bu. Glover, soy beams... 1.13%. sce e.sse 55 93 
(Ce Somer 39.6 Beets. .... 4.63 Clover; soy beans=. -Ult9Ge eh ee 69 98 
Wheat, COntINIIOUSLY= + a1. bie eee oe ace EG, “DW: sisted, sche oie Pa chore tchels = tyaiele eee ee eacearer een 53 19 
Corn, continuously Set Sa ee chiens eee PASE I IG CR icaeis Sern eat ee wor olen ac oc 18 40 
Beans, CODPMMOUSLY orc ccsieteteie erate leo ee Ein anon oa SOc a tot OgCr tiem FOO Pde oo 46 41 
Beets; CONLIBUOUSLY:-.=-1 alae einatorte eel BBO oS deat ay. siprarerebisennseTeraias Bate aber aay enero ia 30 
Potatoes, COMbINUOUS Ys. cnet eee oe BOG Da ae Saco ae Shove lee Ie eee I Grete ee 108 27 
‘Timothy, CONDMHNGUS] Vier ee soe ee 7S ES a Tye TD eros Meo drs Me Shc 36 90 
FATAL an CONLIDUOUSLYie - x. ees selepa ere pie | et I MAS nets PMT MRE ANA cA Auch Sc 63 90 


The vane of the Seis crops are based on the following prices: Corn, 65c; oats, 35c; wheat, 90c; 
rye, 70c; beans, $1.70; soy beans, $2.25; potatoes, 45c per bu.; hay $10.00 and beets, $5.00 per ton. 


In the rotation of corn, small grains and clover, better crops of corn 
and better crops of clover have been secured in the wheat and rye rota- 
tions as compared with the oat rotation. The yield of wheat in pounds 
is about equal to the yield of oats but the yield of rye in pounds is about 
sixteen percent higher than the oats. The value of the wheat and rye 
crops are both about 34 per cent in excess of the value of the oat crop 
which would indicate that on land of this type the wheat and rye are 
at least better cash crops than oats. 

The yields of timothy in the corn, wheat, timothy plat have been nearly 
as large as the clover in the corn, wheat, clover rotation but the yield 
of corn has been seven percent lower and the wheat fourteen percent 
lower than in the corn, wheat, clover rotation. It has been impossible 
to secure stands of timothy that have been entirely free from clover as 
there has always been some volunteer clover. 

The yield of wheat in the beans, wheat, clover rotation was slightly 
larger than in the corn, wheat, clover rotation, but the yield of oats in 
the beans, oats, clover rotation were slightly lower than in the corn, 
oats, clover rotation. Conclusions in regard to the relative effect of 
corn and beans in these rotations should be reserved until additional 
data are secured. The yields of all the crops in the potatoes, rye, clover 
rotation were slightly higher than in the potatoes, wheat, clover rota- 
tion, though the total value of the crop was approximately the same. 
In both these rotations the yields of small grain and hay were slightly 
higher than in the corn, rye, clover; and corn, wheat, clover rotations. 

In the beets, oats, clover rotation the average yield of beets has been 
rather small (5.61 tons per acre) principally on account of the soil be- 
ing poorly adapted to this crop. The average yield of oats, however, has 
been fairly good and the yield of clover has been larger than from any of 
the other rotation plats. 

The beets, corn, clover and the corn, beets, clover rotations have not 
proved to be practical rotations, both on account of the two cultivated 
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crops in the three-year rotation and the difficulty in securing stands of 
clover. In the latter rotation soy beans have been planted each year 
after the failure of the clover. 

In the beets, corn, clover rotation the clover has been seeded in the 
corn at the last cultivation and under favorable conditions gives fairly 
good results, but is rather unreliable as a general farm practice. Soy 
beans were used as a substitute for clover in 1914. In the corn, beets, 
clover rotation, clover was seeded in the spring in 1911-12 and 15 but 
was unsuccessful, making an inferior stand and poor growth and being 
very weedy. Soy beans have been grown on these plats in 1914-15 and 
cok: 

The yields of the plats devoted to the growing of the same plats con- 
tinuously have, of course, varied considerably according to the seasons. 
However, a comparison of average yields for the first and second three- 
. year periods, as given in Table 7 will be of interest. 


TABLE VII.—AVERAGE YIELDS OF CROPS GROWN CONTINUOUSLY ON SOME PLATS. 


Average Average 
yield yield 
1911-12-13. 1914-15-16. 


RULES et Lee eT ir Oe ee eee, PPM NG Ol ay da or aoah cco arn lalave wilduatiafens ots euatowekegers 22.4 17.0 

SET. Se eet GID GCN SO, Te OIE OE BOO ONE, GRIPE OME ages AOTC RE OP TOR SOCIAL 38:8 18.3 
ESE eee. Oh ce eas ie eae icdve mncleb mic euete ata amare Stsleay ume ereter a pawebay a1 erfe a o caytels 13.2 5.0 
ES eee tee ee ee te Pi RON Te ia the at ay ahS alN o> alatanche cncnere iohieas 2 one aneler abate, poate nie = 7.0 Zeal 
LET PE UGIES Te ate Sep age Rie en eta | Rea te ree Maca lee te ene eee 126.1 34.2 


The average decrease of the above crops from the first to the second 
three-year period was 63 percent. These plats have already come into a 
very unproductive condition, in most cases the crop being insufficient 
to pay the cost of production. This has been especially true in case of 
the bean plat where the growth has been very small and the disease con- 
ditions very severe and in the sugar beet plat where it has been impos- 
sible the past three seasons to secure good stands even by resorting to 
reseeding and transplanting the beets from a plat of healthy beets. The 
practice of introducing beans or beets or cultivated crops, or even the 
small grains, too frequently in the rotation, should be strongly con- 
demned. 

The average yield of alfalfa, 2.13 tons per acre, is not as high as it 
should be. It should be explained, however, that this includes the first 
season of the experiment in which the alfalfa was seeded and no crop 
harvested, and also that it became necessary to re-seed in 1915 and 1915. 
The re-seeding was necessitated in part, at least, by the very unfavorable 
weather after seeding and probably also on account of insufficient sup- 
ply of lime. 

The timothy in Plat 0 has produced an average yield of 1.23 tons per 
acre. The timothy has not made a large growth, especially after it has 
been seeded two or more seasons, and Kentucky blue grass has to a 
large extent taken possession of the plat. There has been a small 
amount of volunteer clover and some weeds, also. In 1915 the plat was 
plowed after removing the crop of hay and re-seeded in September. How- 
ever, it is again evident that the timothy cannot maintain its possession 
of this land in competition with the Kentucky blue grass. 

The total value of crops per rotation, as given in Table 8 should not 
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be accepted as showing the relative value of the several rotations be- 
cause of the wide variation in the cost of production and because of 
other factors which determine the choice of crops and the system of 
farming. 


TABLE VIII.—AVERAGE YIELD AND VALUE OF CROPS GROWN IN ROTATION, 1911-1915. 


Average yield per acre. 
Grain in bushels. 


Beets and hay in tons. pkgs 
: annua, 
Rotation. valvetar 
a crops. 
. Sma / 
Corn. grain. Hay. 
COTM WOMtSs CLOVE sn, o> he ttccarnicnele icsqahe O ansheyemele teal ceteie 38.4 46.7 L268 $19 39 
COMMPeVe RCLO Welle te cian aint 41.5 Dil wk 1.47 21 a0 
CHojaaey veal peel kayAsi tant gee OS Dn aiolol ow olor d bod obi aac 39.8 ae, 1 339. 21.48 
Corn, wheat, timothy Sif 34) 22.6 1.41 20.23 
Beans 
IBGanS! Wheat KGlOVED aude fo csc cre eielcietueneseiabesimtnceyets A 28.5 1.26 2138p 
BEANS Oats; GLOVED fae ac ces Sasa tome Slane i elensesetele ss We ef 42.3 1.40 Lith ar2 
Potatoes. 
Potatoes wheat, ClLOVED. croc hreas-areosexctaiertetare: so aerel rene VO a2 Ble 1.36 35.09 
Beets 
IBEGiS OBtSiGlOVEI aa ncn siete cietotckehemuerehe ote ren- Penis 5e2 46.0 76 20.68 
Corn Beans Soy beans. 
Gor, beans, clover or soy Deans. se. ee) ee 34.6 12.0 11.0 PB ai” 
Beans .GOMINIIOUSKYtws bids casasuses shee eate Lae teat) [nr eaeneeicpen a DY Gi ilspa aie hd aoe eas 20.30 
Wheat 
Wiheat COMPMMUOUSIV;- ccucereteiciele asfeas stents «kate Clare laqecenet te, eimeerie casrene D3) 2b| (Sue teers 20.88 
Gorm Gonbinousliye crs Meus + eit onkole acuehanoesrovepene eeoruttol 8632" 401. eres: ale pee 25.34 
Beets 
Beets continuGuSlye cw arch cue ctendren ete te ccienerer Es DA° il a Mee praesent auAl oS ¥c ic 29.50 
Potatoes. 
POTATOES CONMIMUOUS Vjmnecit eapeenlcl one net cee ee OB) ley se haat does eee ec 46.60 
A Dinaai aay COMIN OUIN Pe aici koto oO OoMmoSa nooo nl|Fopooa pocallonac sues cs al'G 11.60 
Alfalias:contimUOusly: 2i-e22j-hawiesetie his rachen fee rebekeleie  ctoiet goals eet [rane hia eo 23.10 
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REPORT OF THE SOIL PHYSICIST. 


Director R. S. Shaw: 


I take pleasure in submitting to you the report of the Department of 
Soils for the fiscal year ending June 30, 1917. 

The various lines of experimental work are progressing in a satis- 
factory manner, the members of the department pursuing their work 
with vigor and enthusiasm. Although it is not advisable to present data 
at this time showing results of soil treatment at the various county 
farms, striking results are being obtained. As stated in the 1916 re- 
port, we plan to take up this line of work in a number of counties. Dur- 
ing the year satisfactory arrangements were made with the officials ilr 
charge of the Cass county farm and a rather elaborate experiment sta- 
tion project was begun. In addition, a smaller project was begun on 
the Manistee county farm. 

The chemical and physical studies of the soil classes found in Cass, 
Van Buren, Allegan, Ingham, Manistee, Mason and Wexford counties 
are well under way. The composition of several samples taken in St. 
Joseph, Allegan and Ingham counties appear in the following tables: 


ST. JOSEPH COUNTY. 


The soils of St. Joseph county may be classified under five general 
heads. <A brief description of these groups together with the pounds of 
plant food contained in the surface soil of representative samples is 
given below: 


Level sands originally timbered with oak. 


P Tee N Ca Mg 
610 22265 1354 10098 5936 
964 26886 385 S157 2643 


Level sandy soils containing considerable gravel and originally tim- 
bered with oak. 


P K N C: Me 
833 23143 1734 7832 249% 


Level loam prairie soils. 


P K N Ca Mg 
1206 26729 3422 9760 5800 
950 244.66 15880)" 2110098 4860 


Rolling sandy loam somewhat stony and having sandy subsoils. These 
soils originally grew maple and beach. 


P K N Ca Mg 
1312 28331 - 2568 OTe ML Ae 
1076 31191 2085 8390 6013 


Ee 43 
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Rolling sandy loams with heavy subsoils. The original timber was 
beech, maple and oak. 


P K N Ca Mg 
1275 28834. 2654 12102 5294 


ALLEGAN COUNTY. 


The soils of Allegan county may be divided into five principal groups. 
A brief description of these with the pounds of plant food contained in 
the surface soil of typical samples is given below: 


Low lying darker colored sands originally growing oak and some 
walnut. 


iP Kk N 
628 20985 3170 
762 23085 2980 


High light colored sands, growing originally pine, hemlock and some 
maple. 


P K N 
524 23309 2070 
786 30163 2190 
Heavy black clay. Originally timbered with elm, oak, maple. 
P. Kk N 
838 39017 8340 


Light colored upland clay loam growing elm, soft maple, basswood and 
some oak and hickory. 


iE K N 
750 39830 3960 
1209 25508 4720 
Upland sandy loam growing mostly oak. 
P K N 
650 22566 1590 
873 24827 1560 


INGHAM COUNTY. 


The soils of Ingham county may be divided into three groups with re-~ 
gard to the method of formation. The till plains, morains and outwash 
plains. The till plains are composed chiefly of loams, silt loams and 
clay loams. The soils are known among the farmers as “beech and ma- 
ple” lands. The composition in pounds per acre of the surface soil, of 
representative samples is shown below: 
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P K N Ca S 


Loam 658 35860 2240 11607 1193 
876 38290 2914 22628 1215 
Silt L’m 1947 38250 1686 31602 1629 
829 44570 2196 14714 949 
Cl’y L’m 1317 43020 3614 9204 1010 


About 4 to 14 of the till plains area is composed of sandy loam. These 
soils were originally covered with beech, maple, oak and basswood. The 
plant food contained in the surface soil of representative samples is 
shown below: 


P K N Ca S 
1169 31890 3756 13658 1166 
718 33170 2352 10728 956 


The morains are composed principally of sandy loams although there 
are some silt loams, loam and sand. The sandy loams originally grew 
beech, maple, elm, oak and hickory. The pounds of plant food in the 
surface soil are shown below: 


P Kk N Ca S 
1325 28370 2296 11930 1037 
869 31160 1064 8970 613 


The sands are characterized by growths of scrub oak and poplar with 
some maple and elm in the more fertile areas. The composition of these 
soils is shown below: 


P K ; N Ca S 
1118 25190 1036 9778 668 
865 27710 1176 10200 620 


The outwash plains area consists almost entirely of medium sands 
which grew oak and poplar. The variableness in composition of these 
sands is shown in the table below: 


P K N Ca S 
563 23530 1288 8441 936 
1044 25120 980 11373 507 


The above results suggest that phosphorous is an important considera- 
tion for increased crop production, and the permanent systems of agri- 
culture, field experiments are bearing out these suggestions. 


Galvanized iron cans 2 feet in diameter and 2-4-6 and 8 feet in 
length were sunken in the ground, filled with coloma sand typical of 
large areas in Michigan, and covered with glass to prevent water from 
entering. Each tank was constantly supplied with water by means of a 
block tin tube in the bottom connected with a reservoir. In the spring 
of 1916 these tanks were seeded to oats and the surface soil watered un- 
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til the plants had made a good start. Surface watering was then discon- 
tinued. In the tank two feet in height the plants grew to maturity and 
appeared normal. In the tank four feet in height a few weak plants 
grew to be six to eight inches high and then died, the majority of the 
pli ints, however, died shortly after surface w atering was discontinued. 

In the six and eight feet tanks the plants died as soon as surface water- 
ing was discontinued. From these results it appears that the water table 
in sands of this character must be very near the surface in order to grow 
normal crops. This conclusion is borne out by field observations. In 
the northern part of the state a large area of sand was drained by the 
construction of a large dredge ditch. The ditch was dug extremely deep 
thus lowering the water table to sueh an’ extent that crops could not be 
erown successfully on the area when the rainfall was low. It was found 
necessary to dam the ditch in order to raise the water table before satis- 
factory crops could be grown. 

A preliminary report of results obtained from studying the composi- 
tion and concentration of the soil solution as measured by the freezing 
point lowering of the root and leaves of plants, appear in Soil Science 
Vol. IIT, pages 115-138, 1916. This project is being continued and promises 
to be a fertile rence field. 

The moyement of soluble salts through soils of different texture and 
water content, together with the changes induced in the composition of 
the soil solution in various layers are being studied. The results ob- 
tained show that salts move from regions of high to those of lower con- 
centration even in closed containers, such movement being accompanied 
by changes in the composition of the soil solution. Field studies are 
underway to determine to what extent, if any, soluble salts rise from the 
subsoils. 

The lime and green manure studies mentioned in last year’s report 
are being continued. In the latter, comparisons of the lasting effect of 
limestone of different fineness of division, marl and hydrated lime are 
being made. It is proposed to make an exhaustive study of this problem. 

During the year, R. S. Bogan made comparisons of the lime require 
ment of soils as determined by the Jones, Veitch, and Freezing Point 
methods respectfully. A large number of widely different samples of 
soil taken from several counties were employed. In all cases virgin 
soils were compared with those that had been cropped many years—in 
most cases until “catches” of clover were impossible without the use of 
lime or stable manure. The result presented reveals that the virgin 
soils often show a higher lime requirement than those cropped many 
years, upon which clover fails. Moreover, the methods give different re- 
sults for the same soil samples. It thus seems that laboratory methods 
for determining the lime requirement of soils for maximum returns may 
be misleading. We are forced to so conclude when we recall that: the 
virgin soils as a rule would doubtless produce many excellent crops of 
clover without the use of either lime or manure. It seems that the field 
trial method is the only reliable one to use to determine the optimum 
amount of lime to apply. 
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TABLE ITI.—LIME REQUIREMENT OF SOILS. 
INGHAM COUNTY SOILS CaO REQUIREMENT. 


| 
Soil class. | Condition. Jones. Veitch. nee 
Sea GO ea et cee ches Pepe ee { | ienced GOs sara | a e ogee 
egos, (| iss pagcaaecccs:| | BY Beg 
| 
HOS Son hese {| Cropped ro'yedns..0000°) 13038) 705 | 6.188 
ALLEGAN COUNTY SOILS. 

Maedinmasoile toc be. ots. ae { | eaaed See es He 10e aoe Hee 
Fine sand. ...... 0. eeeee eee eeees Neca cnca ay Sete eee ee en em ei iean 
ST. JOSEPH COUNTY SOILS. 

Ramada be aers crates TOT eh ered seeeoecrays (| ‘iirein Sa RS at ete. - 400 | 2, 369 4,126 

\| Cropped 80 years........ 490 | 3,487 4,126 
ee CU Gremedizs peams. 0 A gs 20\| Ac Beareyl eg ato 
Loan. 22 eee sees eset itecnednageues “eb tein’) Sea age hoo cies 


The report of Dr. G. J. Bouyoucos, research associate in Soil Physics 
is as follows: 

“Tt is very pleasing to report that the experimental work under the 
Adams fund is progressing very satisfactorily. The problems under im- 
mediate investigation are as follows: (1) Measuring the different forms 
of water in the soil by means of the dilatometer method; and (2) study- 
ing the rate of reaction between soils and salts, acids and bases and the 
behavior of the equilibrium by means of the freezing point method. Both 
of these problems are about completed and the data are being prepared 
for publication. The results obtained from both problems are exceed- 
ingly gratifying. They furnish some very important and fundamental 
information regarding the form in which the moisture exists in the soil 
and the rate at which equilibrium is attained in the reaction between 

soils, and salts, acids, and bases. 

The problem for the ensuing fiscal year will consist of different phases 
of these two main lines of work. They have not been definitely selected, 
however, and consequently their exact titles cannot be announced at this 
time. 

During the past fiscal year, two publications were issued from the 
investigations under the Adams fund, namely, Bulletin 51, entitled 
“Murther Studies on the Freezing Point Lowering of the Soils,” and a 
lengthy article published in the Journal of Agricultural Research V. 
VIII, February, 1917, entitled “Measurement of the Inactive or Unfree 
Moisture in the soil by means of the dilatometer method.” 

Again I desire to express the gratitude of the various members of the 
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department to you, for your support and encouragement in our Experi- 
ment Station activities during the past year. 
Respectfully submitted, 
M. M. McCOOL, 
Soil Physicist. 
Kast Lansing, Mich., June 30, 1917. 


REPORT OF THE DIVISION OF FARM MECHANICS. 


Director R. 8. Shaw, College: 

Dear Sir—Following is a brief report on the work carried on by the 
Division of Farm Mechanics for the year ending June 30, 1917: 

For the past two years interest has been manifested in the application 
of marl to soils as a substitute for lime. Much of the marl is located in 
beds underlying small marshes and lakes and is, therefore, inaccessible 
by ordinary means of excavation. These beds are also too small or in- 
accessible to transportation facilities to make a large commercial plant 
profitable. A demand has grown for some means of obtaining the sub- 
merged mar! for use in the vicinity of the bed. z 

A “small plant which could be owned by a group of 4 or 5 farmers or a 
small contractor, and which could be made “portable, has seemed desir- 
able. A thorough investigation of manufactured equipment of this na- 
ture showed nothing which would meet the requirements either as to in- 
vestment or pr acticability. Some investigation was made of methods at- 
tempted to handle marl under the conditions named. From these ob- 
servations and a study of the marl beds it appeared that the diaphragm 
pump could be used. Pumping tests with this type of pump showed that 
marl more than 50% solid could be pumped efficiently. Field tests in- 
dicated, however, that the marl did not flow freely enough to keep the 
suction hose filled and consequently too great a volume of water was 
pumped. To exclude the water a bell- shaped end was used on the suc- - 
tion hose, having an internal hand-operated agitator for cutting the marl. 
Tests of various kinds of agitators showed them to be inadequate and 
consequently it became difficult to sink the bell as fast as the marl could 
be pumped. As the simplest means of securing mechanical agitation a 
machine having a movable arm, similar to a bucket dredge arm,—this 
arm carrying the suction hose, ‘and a scoop at the end of the arm was 
devised. This scoop is designed to deliver the marl to the suction hose, 
from whence it could be pumped and delivered through hose or pipe to 
any reasonable distance to the shore or solid ground. This machine has 
not been completed so results cannot be given. 

Practically the only question to be worked out in this problem is that 
of agitating and starting the marl. It has been demonstrated that it 
can be pumped efficiently, that it can be conveyed through troughs or 
piping, and that it can be drained and dried by allowing to stand for 
some time; also that it can be handled satisfactorily when dried with a 
wagon or manure spreader. 

It is recommended that experiments be continued further at least un- 
til the feasibility of pumping be determined. 
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Beside the marl handling experiments very little investigational or 
experimental work has been carried. I have been consulted by others of 
the station staff with reference to Station work, which I have been glad 
to do. I have also called upon others and received valuable suggestions 
for which I wish to commend the spirit of cooperation shown. 

Respectfully submitted, 
H. H. MUSSELMAN, 
Associate Professor of Farm Mechanics. 


East Lansing, Mich., June 30, 1917. 
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COMMERCIAL FEEDING STUFFS. 


Bulletin No. 276. 


BY ANDREW J. PATTEN, E. F. BERGER, A. E. SMOLL 
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The law regulating the licensing and sale of commercial feeding stuffs 
and providing for the inspection and analysis of such feeding stuffs was 
first enacted in 1905 and its administration was delegated to the Dairy 
and Food Commissioner. By an amendment passed by the legislature 
during the session of 1915, the Secretary of the State Board of Agri- 
culture was made the administrative officer. The inspection and chemi- 
cal analyses as well as all matters relating thereto are now performed 
by the Chemical Division of the Experiment Station to whom all in- 
quiries regarding the work should be addressed. 

The present law became operative August 20th, 1915, but as no funds 
were transferred to the State Board of Agriculture it was not possible 
to start the inspection work until sufficient funds had accumulated from 
license fees to cover the necessary expenses. The first inspector began 
work early in January, 1916, and in February three more inspectors 
were put to work in order to cover the entire State as thoroughly as pos- 
sible before the shipping season should close. Nearly 1,200 samples were 
collected, of which, 1,060 have been analyzed. The results of the analyses 
and comments thereon will be found in the following pages. 

The full text of the Feeding Stuffs law has been printed in pamphlet 
form and copies may be obtained by addressing the Chemical Division, 
Experiment Station, East Lansing, Michigan. Although the law has 
been on the statute books for more than ten years there seems to be a 
widespread misunderstanding of its requirements on the part of manu- 
facturers, dealers and consumers. The more important points of the 
law are, therefore, given special notice at this time. 

Iabel. The law requires that each package of commercial feeding 
stuff shall bear, in a conspicuous place, a printed statement certifying 
the number of net pounds in the package, the name or trade mark under 
which it is sold, the name and principle address of the manufacturer or 
shipper and a chemical analysis, stating the percentages of crude pro- 
tein, crude fiber,-ether extract (fat) and nitrogen-free extract (carbo- 
hydrates). This information may be printed on the bag itself or on a 
tag attached to the bag. When feed is sold in bulk this information 
must be furnished to each purchaser. The law does not specify the 
form of stating the No analysis but the following simple form is 
recommended : 
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Crude protein, Minimum. 52.5.0 tes a eens —% 
Ether extract: (fat); Manimuna <.2:252. 6 ot ee —% 
Nitrogen-free extract (carbohydrates), Minimum ... —% 
Grude ‘fiber, - Maximum), "och tenes sets ees Of aie Ota —% 


The sliding guarantee should be abandoned as quickly as possible for 
it has a tendency to mislead and confuse the purchaser. The attention 
of the consumer is directed to the fact that where the sliding guarantee 
is used, the higher figures are less frequently maintained than the lower 
ones. 

Materials Subject to License. The term concentrated feeding stuff in- 
cludes linseed meal, cottonseed meal, pea meal, cocoanut meal, gluten 
meal, oil meals of all kinds, gluten feeds, maize feeds, starch feeds, 
nixed sugar feeds, hominy feed, rice meal, oat feeds, corn and oat feeds, 
meat meal, dried blood, clover meals, mixed feeds of all kinds, slaughter 
house waste products, all condimental stock foods, patented and pro- 
prietary stock foods claimed to possess nutritive properties and all ma- 
terials intended for feeding to domestic animals except hays, straws, 
fodders, ensilage, the whole seeds and the unmixed meals made directly 
from grinding the entire grains of wheat, rye, barley, oats, flaxseed, 
maize, buckwheat, wet brewers’ grains, malt sprouts, wet or dried beet 
pulp when unmixed with other materials. It also exempts wheat, rye, 
and buckwheat brans and middlings when unmixed with other sub- 
stances, and pure grains ground together. 

The opinions held by the administrative officers in regard to a few 
special feeds over which there has been considerable discussion is here 
stated. 

Wheat Bran with Ground Screenings not Exceeding Mill Run. Almost 
the first problem to be confronted was the position to be taken in re- 
gard to the status of wheat bran with screenings in relation to the law. 
After making quite an extensive investigation of the subject and writing 
many letters we were convinced that, under normal conditions, wheat 
bran should not contain foreign material in excess of one or two per cent 
and, that the presence of a greater amount was evidence of the addition 
of screenings. 

Screenings were held to be “other substances” and that a mixture of 
wheat bran and screenings should be classed as a mixed feed and be 
subject to the requirements of the law. 

Before making a definite ruling on this point the matter was presented 
to the Attorney General for an opinion which is herewith printed in full: 


“It will be noted that the exemption in section 2 with reference to wheat, rye 
and buckwheat brans contains the specific requirement that the same shall not 
be mixed with ‘other substances.” This of course must be taken to mean that if 
bran is so mixed it can not be deemed to be relieved from the requirements im- 
posed. I scarcely think that the conclusion can be avoided that screenings even 
though taken from the same grain from which the bran is produced must be re- 
garded as another substance as such expression is used in the exempting clause 
referred to. It follows, therefore, that such a mixture as is indicated by your in- 
quiry must be considered as subject to the provisions of Section 2 and can not 
reasonably be said to be relieved by virtue of any of the exceptions in the con- 
cluding sentences of that section. Any person or persons therefore that wish 
to sell such a mixture should comply with the Act. If a tag or label is placed on 
such a product indicating that it consists of bran and screenings, without refer- 
ence to the proportion of the latter, it is thereby indicated that such product is 
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one to which this Act applies. Any other construction would obviously open the 
way to evasions of the statute.” 


The same ruling applies to wheat middlings, rye and buckwheat brans 
and middlings. 

Poultry Foods. The point has been raised that poultry feeds consist- 
ing wholly or in part of a mixture of whole grains should be exempt 
from the provisions of the law but inasmuch as all samples of this 
class of feed coming under our attention have contained one or more 
“other materials” in the form of weed seeds, screenings, charcoal, grit, 
ete., it is absolutely impossible to come to any other decision than that 
they are subject to the provisions of the law. The opinion of the Attor- 
ney General is given on this subject also: 


“You submit the further inquiry as to whether or not poultry foods that consist 
of a mixture of grains and other substances are subject to this Act. The answer 
to this question also depends upon the construction placed on the exempting 
clauses of Section 2. In accordance with these clauses whole seeds are not to 
be regarded as “feeding stuffs” within the meaning of the expression as used in 
the Act. While the intention of the Legislature is not clearly indicated, I am 
inclined to the opinion that the language used should be construed to mean that 
a feeding stuff consisting entirely of the whole seeds of one grain, or consisting 
of the whole seeds of a number of the grains, specifically named in the Statute, 
should not be regarded as subject to the provisions thereof. On the other hand, 
a mixture of these grains, or any of them, with other substances that are com- 
monly placed in poultry foods would clearly seem to be mixed feed and as such 
within the provisions of the statute.” 


Ruling concerning Grit in Poultry Food. 

It is held that a single registration may cover a poultry food either 
with or without grit provided the brand name and guaranteed analysis 
are the same in both cases. The presence of grit may be indicated under 
the list of ingredients, where these are printed on the bag without 
constituting any change in the brand name, however, the addition of the 
words “and grit” to the brand name would necessitate a separate regis- 
tration. 

Corn and Cat Feeds. When the pure grains of corn and oats are 
ground together without the admixture of other substances the product 
is exempt from the provisions of the law but the product resulting from 
the mixing of corn feed meal with ground oats or oat by-products is 
subject to the provisions of the law and should be licensed before being 
placed on sale in the State. 

License Fee. The license fee as fixed by law is $20.00 for each brand of 
commercial feeding stuff as defined in the statute and should be paid to 
the Secretary, State Board of Agriculture, East Lansing, Michigan, on 
or before April 1st of each year or before the feed is placed on sale. 

When the manufacturer pays the fee the dealer is not required to pay 
an additional fee but in case the manufacturer fails to pay the fee, the 
dealer then becomes responsible. Therefore, when purchasing feeds from 
parties outside the State for resale the dealer should make sure that 
they have been properly registered and that the license fees have been 
paid. A list of manufacturers and the feeds licensed by each, for the 
year ending April 1st,.1917, will be found on pages 61-72. 

Sampling. Any duly authorized agent of the State Board of Agri- 
culture is empowered to select samples, for the purpose of analysis, 
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from any lot of commercial feeding stuffs offered or exposed for sale 
within the State. All inspectors sent out for this purpose are provided 
with an authorization signed by the Secretary of the State Board of 
Agriculture, and only such persons have authority to collect samples for 
the purpose of analysis. : 


COOPERATION WITH THE U. S. DEPARTMENT OF AGRICULTURE. 


The Chemist in charge of the feeding stuffs inspection holds a com- 
mission from the Secretary of Agriculture which gives to the inspectors 
authority to collect samples of interstate shipments under the Federal 
Food and Drugs Act. By this means action is secured against the 
parties responsible for sending low grade or adulterated feed into the 
State. 

This cooperative arrangement has worked very satisfactorily during 
the past season when 32 cases were referred to the Federal laboratory at 
Chicago. 


DEFINITIONS. 


The following definitions of Feeding Stuffs and by-products used for 
feeding purposes have been adopted by the Association of Feed Control 
Officials of the United States at their several meetings, and, in the 
interest of uniformity, it is urged that all manufacturers and millers 
adhere to them as closely as possible in labeling the feeds intended for 
sale in Michigan. 

Meal is the clean, sound, ground product of the entire grain, cereal or 
seed which it purports to represent. 

Chop is a ground or chopped feed composed of one or more different 
cereals or by-products thereof. If it bears a name descriptive of the kind 
of cereals, it must be made exclusively of the entire grains of those 
cereals. 

Screenings are the smaller imperfect grains, weed seeds and other 
foreign material having feeding value, separated in cleaning the grain. 

Alfalfa Meal is the entire alfalfa hay ground, and does not contain 
an admixture of ground alfalfa straw or other foreign materials. 


ANIMAL PRODUCTS. 


Blood Meal is ground dried blood. 

Meat Scrap and Meat Meal are the ground residues from animal tissue 
exclusive of hoof and horn. If they contain any considerable amount of 
bone, they must be designated Meat and Bone Scrap, or Meat and Bone 
Meal. If they bear a name descriptive of their kind, composition or 
origin, they must correspond thereto. 

Digester Tankage is the residue from animal tissue exclusive of hoof 
and horn, specially prepared for feeding purposes by tanking under live 
steam, drying under high heat, and suitable grinding. If it contains 
any considerable amount of bone, it must be designated Digester Meat 
and Bone Tankage. 

Cracklings are the residue after partially extracting the fats and oils 
from the animal tissue. If they bear a name descriptive of their kind, 
composition or origin, they must correspond thereto. 
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BREWERS’ AND DISTILLERS’ PRODUCTS. 


Brewers’ Dried Grains are the properly dried residue from cereals ob- 
tained in the manufacture of beer. 

Distillers’ Dried Grains are the dried residue from cereals obtained 
in the manufacture of alcohol and distilled liquors. The product shall 
bear the designation indicating the cereal predominating. 

Malt Sprouts are the sprouts of the barley grain. If the sprouts are 
derived from any other malted cereal, the source must be designated. 


BUCKWHEAT PRODUCTS. 


Buckwheat Shorts or Buckwheat Middlings are that portion of the 
buckwheat grain immediately inside of the hull after separation from 
the flour. 


CORN PRODUCTS. 


Corn Bran is the outer coating of the corn kernel. 

Corn Feed Meal is the sifting obtained in the manufacture of cracked 
corn and table meal made from the whole grain. 

Corn Germ Meal is a product in the manufacture of starch, glucose 
and other corn products and is the germ layer from which a part of the 
corn oil has been extracted. 

Grits are the hard, flinty portions of Indian corn, without. hulls and 
germ. . 

Hominy Meal, Hominy Feed or Hominy Chop is a mixture of the bran 
coating, the germ and a part of the starchy portion of the corn kernel ob- . 
tained in the manufacture of hominy grits for human consumption. 

Corn Gluten Meal is that part of commercial shelled corn that remains 
after the separation of the larger part of the starch, the germ and the 
bran, by the processes employed in the manufacture of cornstarch and 
glucose. It may or may not contain corn solubles. 

Corn Gluten Feed is that portion of commercial shelled corn that re- 
mains after the separation of the larger part of the starch and the germ 
by the processes employed in the manufacture of cornstarch and glu- 
cose. It may or may not contain corn soluble. 


COTTONSEED PRODUCTS. 


Cottonseed Meal is a product of the cottonseed only, composed princi- 
pally of the kernel with such portion of the hull as is necessary in the 
manufacture of oil; provided that nothing shall be recognized as cotton- 
seed meal that does not conform to the foregoing definition and that does 
not contain at least 36 per cent of protein. 

Choice Cottonseed Meal must be finely ground, not necessarily bolted, 
perfectly sound and sweet in odor, yellow. free from excess of lint and 
must contain at least 41 per cent of protein. 

Prime Cottonseed Meal must be finely ground, not necessarily bolted, 
of sweet odor, reasonably bright in color, yellow, not brown or reddish, 
free from excess of lint, and must contain at least 38.6 per cent of 
protein. 

Good Cottonseed ‘Meal must be finely ground, not necessarily bolted, 
of sweet odor, reasonably bright in color, and must contain at least 36 
per cent. of protein. . 
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Cottonseed Feed is a mixture of cottonseed meal and cottonseed hulls 
containing less than 36 per cent of protein. 

Cold Pressed Cottonseed is the product resulting from subjecting the 
whole undecorticated cottonseed to the cold pressure process for the 
extraction of oil, and includes the entire cottonseed less the oil ex- 
tracted. 

Ground Cold Pressed Cottonseed is the ground product resulting from 
subjecting the whole undecorticated cottonseed to the cold pressure pro- 
cess for the extraction of oil, and includes the entire ground cotton- 
seed less the oil extracted. 


LINSEED AND FLAX PRODUCTS. 


Flax Plant By-Product is that portion of the flax plant remaining 
after the separation of the seed, the bast fiber and a portion of the shives, 
and consists of flax shives, tlax pods, broken and immature flax seeds 
and the cortical tissue of the stem. 

Linseed Meal is the ground product obtained after extraction of part 
of the oil from ground flaxseed screened and cleaned of weed seeds and 
other foreign materials by the most improved commercial processes. 

Oil Jleal is the ground product obtained after the extraction of part 
of the oil by crushing, cooking and hydraulic pressure, or by crush- 
ing, heating and the use of solvents from seeds which have been screened 
aud cleaned of weed seeds and other foreign materials by the most im- 
proved commercial processes. When used alone the term “oil meal” shall 
be understood to designate the product obtained from screened and 
cleaned flaxseed. When used to cover any other product the name of the 
seed from which it is obtained shall be prefixed to the words “oil meal.” 

Old Process Oil Meal is the ground product obtained after extraction 
of part of the oil by crushing, cooking and hydraulic pressure from 
seeds screened and cleaned of weed seeds and other foreign materials by 
the most improved commercial processes. When used alone the term 
“old process oil meal” shall be understood to designate the product ob- 
tained from partially extracted, screened and cleaned flaxseed. When 
used to cover any other product the name of the seed from which it is 
obtained shall be prefixed to “old process oil meal.” 

New Process Oil Meal is the ground product obtained after extraction 
of part of the oil by crushing, heating and the use of solvents from seeds 
screened and cleaned of weed seeds and other foreign materials by the 
most improved commercial processes. When used alone the term “new 
process oil meal” shall be understood to designate the product obtained 
from partially extracted, screened and cleaned flaxseed. When used to 
cover any other product the name of the seed from which it is obtained 
shall be prefixed to “new process oil meal.” 

Unscreened Flaxseed Oil Feed is the ground product obtained after ex- 
traction of part of the oil from unscreened flaxseed by crushing, cooking 
and hydraulic pressure, or by crushing, heating and the use of solvents. 
When sold without grinding and the unground product shall be desig- 
nated as “unscreened flaxseed oil feed cake.” 

Ingredients of Unscreened Flaxseed Oil Feed—Ground cake from par- 
tially extracted flaxseed and foreign seeds (wheat, wild buckwheat, 
pigeon grass, wild mustard, etc.) 

Screenings Oil Feed is the ground product obtained after extraction 
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of part of the oil by crushing, cooking and hydraulic pressure, or by 
crushing, heating and the use of solvents from the smaller imperfect 
grains, weed seeds and other foreign materials having feeding value 
separated in cleaning the grain. he name of the grain from which the 
screenings are separated shall be prefixed to “screenings oil feed.” 


OAT PRODUCTS. 


Oat Groats are the kernels of the oat berry. 

Oat Hulls are the outer chaffy coverings of the oat grain. 

Oat Middlings are the floury portion of the oat groat obtained in the 
milling of rolled oats. 

Qat Shorts are the covering of the oat grain lying immediately inside 
the hull, being a fuzzy material carrying with it considerable portions 
of the fine floury part of the groat obtained in the milling of rolled oats. 

Clipped Oat By-Product is the resultant by-product obtained in the 
manufacture of clipped oats. It may contain light, chaffy material 
broken from the ends of the hulls, empty hulls, light, immature oats and 
dust. It must not contain an excessive amount of oat hulls. 


RICE PRODUCTS. 


Rice Bran is the cuticle beneath the hull. 

Rice Hulls are the outer chaffy coverings of the rice grain. 

Rice Polish is the finely powdered material obtained in polishing the 
kernel. 


WHEAT PRODUCTS. 


Wheat Bran is the coarse outer coatings of the wheat berry obtained 
in the usual commercial milling process from wheat that has been 
cleaned and scoured. 

Shorts or Standard Middlings are the fine particles of the outer and 
inner bran separated from bran and white middlings. 

Wheat White Middlings or White Middlings are that part of the offal 
of wheat intermediate between shorts or standard middlings and red dog. 

Shipstuff or Wheat Mired Feed is a mixture of the products other 
than the flour obtained from the milling of the wheat berry. 

Red Dog is a low grade wheat flour containing the finer particles of 
bran. 

Wheat Bran with Mill Run Screenings is pure wheat bran plus the 
screenings which were separated from the wheat used in preparing said 
bran. 

Wheat Bran with Screenings not Exceeding Mill Run is either wheat 
bran with the whole mill run of screenings or wheat bran with a portion 
of the mill run of screenings, provided that such portion is not an in- 
ferior portion thereof. 

Yeast or Vinegar Dried Grains are the properly dried residue from 
the mixture of cereals, malt and malt sprouts (sometimes cottonseed 
meal) obtained in the manufacture of yeast or vinegar, and consist of 
corn or corn and rye from which most of the starch has been extracted, to- 
eether with malt added during the manufacturing process to change the 
starch to sugars, and malt sprouts (sometimes cottonseed meal) added 
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during the manufacturing process to aid in filtering the residue from 
the wort and serve as a source of food supply for the yeast. 

Oil Cake is the residual cake obtained after extraction of part of the 
oil by crushing, cooking and hydraulic pressure from seeds screened and 
cleaned of weed seeds and other foreign materials by the most improved 
commercial processes. When used alone the term “oil cake” shall be 
understood to designate the product obtained from partially extracted, 
screened and cleaned flaxseed. When used to cover any other product, 
the name of the seed from which it is obtained shall be prefixed to “oil 
cake.” 

Ground Oil Cake is the product obtained by grinding oil cake. When 
used alone, the term “ground oil cake” shall be understood to designate 
the product obtained from partially extracted, screened and cleaned 
flaxseed. When used to cover any other product the name of the seed 
from which it is obtained shall be prefixed to “ground oil cake.” 

Ground Flarseed or Flaxseed Meal is the product obtained by grinding 
flaxseed which has been screened and cleaned of weed seeds and other 
foreign material by the most improved commercial processes. 

Palm Kernel Oil Meal is the ground residue from the extraction of 
part of the oil by pressure or solvents from the kernel of the fruit of 
the Elaeis guineensis of Elaeis malanococea. 

Ivory Nut Meal is ground ivory nuts. 

Peanut Oil Cake is the residue after the extraction of part of the oil 
by pressure or solvents from peanut kernels. 

Peanut Oil Meal is the ground residue after the extraction of part of 
the oil from peanut kernels. 

Unhulled Peanut Oil Feed is the ground residue obtained after extrac- 
tion of part of the oil from whole peanuts, and the ingredients shall be 
designated as “peanut meal and hulls.” 


DISCUSSION OF RESULTS. 


An examination of the tables of analyses will show that a large num- 
ber of samples were found to be below guarantee in one or more con- 
stituents. In estimating the number of violations the following toler- 
ances are allowed crude protein 1.00 per cent and crude fat 0.50 per cent. 

Of the 1,060 samples analyzed 223 (21.0%) were found to be deficient 
in either protein or fat. One hundred fifty-nine samples (15%) were 
deficient in protein and 122 (11.5%) in fat. Seventy-six of the violations 
were found among the cottonseed meals, 21 among the mixed dairy 
feeds, 26 among the wheat brans and 25 among the poultry feeds. These 
results reveal a condition that was to be expected since a rigid inspec- 
tion of the feeds being sold in the State has never before been made. A 
more complete analysis of the results will be made under the different 
classified groups which follow. 


COTTONSEED MEAL. 


One hundred forty-four samples of cottonseed meal and one sample 
each of cottonseed cake and cottonseed feed were collected representing 
19 different manufacturers or shippers. Of this number 76 (53%) were 
found to be deficient in either protein or fat. Seventy-five (51%) samples 
were below guarantee in protein and 9 (6.2%) were below in fat. In 
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the majority of cases the deficiency in protein was accompanied by an 
excess in fiber or hulls. 

This condition, as explained by the manufacturers, is due to an un- 
usual demand on the part of the munition manufacturers for lint or 
short fiber cotton. To meet this demand the seed has been cleaned more 
thoroughly than ever before which has made it more difficult to maintain 
the quality of the meal to that of the present standards. While such a 
condition may, perhaps, be unavoidable under the existing conditions, 
there is, certainly, no good reason why the manufacturers and shippers 
should not have frankly made the facts known to the buyers and lowered 
their guarantees to conform to the actual analysis of the meal. 

An examination of the tables of analyses will show which companies 
were most derelict in fulfilling their obligations to the buyers. 


LINSEED MEAL. 


Forty-six samples of linseed meal representing 13 manufacturers or 
shippers were received, only two of which were found to be low guaran- 
tee in protein. Some of the samples contained an excessive amount of 
screenings and other foreign materials. 


FLAXSEED MEAL. 


Four samples of flaxseed meal were collected and analyzed. None of 
the samples carried a guaranteed analysis as pure flaxseed meal is ex- 
empt from the provisions of the law. 

Two of the samples contained excessive amounts of screenings and 
other foreign materials and on presenting the fact to the manufacturers 
{hey have given assurance that their products will be kept reasonably 
clean in the future. 


DISILLERS’ DRIED GRAINS, CHIEFLY FROM CORN. 


Seventeen samples of corn distillers’ grains were collected. The 
samples of “Continental Gluten Feed” manufactured by the Continental 
Cereal Co... Peoria, Illionis, included under this classification, were all 
below guarantee in both protein and fat. It is significant to note that 
ihe average percentages of protein and fat in the five samples were 4.4 
per cent and 3.5 per cent respectively below the average for all the other 
samples of this class while the average price was only 50 cents per ton 
lower. 


CHIEFLY FROM RYE, 


Two samples of rye distillers’ grains were collected both of which 
were below guarantee in both protein and fat. Several unofficial samples 
of this brand were also received from purchasers, the majority of which 
were found to be below guarantee in protein. The Interstate Feed Asso- 
ciation was notified of our findings and also requested to change the 
cuaranteed analysis since which time has been selling under a guarantee 
of 15 per cent protein. 
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BREWERS’ DRIED GRAINS. 


Fight samples of this class of feeds were collected, only one of which 
was found to be below guarantee. The guarantees for protein and fat 
varied from 19 per cent and 5 per cent to 30 per cent and 7 per cent 
respectively while the results found varied from 18.1 per cent and 4.8 
per cent to 34.9 and 6.7 per cent respectively. The retail prices quoted 
ranged from $25.00 to $30.00 per ton. It will be noticed that the varia- 
{ion in price does not follow the variation in composition. 


CORN GLUTEN FEED. 


Twenty-four samples of corn gluten feed were collected, only four of 
which were below guarantee. The average analyses of all samples varied 
from 21.4 per cent to 34.3 per cent protein and from 1.8 per cent to 7.5 
per cent fat while the retail prices quoted ranged from $27.00 to $40.00 
per ton. 


CORN GLUTEN MEAL. 


Three samples of corn gluten meai manufactured by the Corn Products 
Refining Co. were obtained, one of which was below guarantee in fat. 
In other respects the analyses of the three samples were very uniform. 


HOMINY FEEDS. 


Of this class of feed, 10 samples were collected, four of which were 
deficient in fat and two in protein. .The retail price quoted ranged from 
$27.50 to $34.00 per ton. The guarantees for protein and fat varied from 
9.5 to 11.8 per cent and 6.0 to 8.5 per cent respectively while the results 
found varied from 9.6 to 11.0 per cent and 6.1 to 8.0 per cent respectively. 
The analyses of the various samples agree more closely than the guaran- 
tees made by the manufacturers. 


CORN FEED MEAL. 


Sixteen samples were collected and analyzed under this class, some 
being pure corn meal for which no license is required. One sample of 
corn germ meal is also included under this classification. 

The moisture content of the samples was found to be very high in sev-. 
eral cases and it was noticed that these high moisture samples spoiled 
very rapidly. In two cases the samples had spoiled before the fat de- 
terminations were made. 

Three samples were below guarantee in protein and the same number 
in fat. 

The attention of the manufacturers and dealers is directed particu- 
larly to the definitions for corn products and it is suggested that the 
labels be prepared in accordance therewith. 


ANIMAL BY-PRODUCTS. 


Sixteen samples of feed under this class were collected, two of which 
were below guarantee in protein and two in fat. These by-products com- 
prised digester tankage, blood and bone meal, meat meal, granulated 
bone, and meat scraps. In all but one case the labels were in accord 
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with the character of the feed. The retail prices quoted ranged from 
$35.00 to $75.00 per ton. 


ALFALFA MEAL. 


Nine samples of alfalfa meal were collected and analyzed. The 
analyses of all samples agreed very closely with the exception of B 464, 
which was considerably above all other samples in protein. The retail 
prices quoted ranged from $28.00 to $50.00 per ton. 


CALF MEALS. 


Twenty-one samples of this class were collected representing seven dif- 
ferent manufacturers. Four samples were below guarantee in protein 
and two in fat. The percentage of protein found ranged from 14.4 to 
26.6 per cent and the fat from 1.9 to 8.4 per cent. The retail prices 
quoted ranged from $50.00 to $80.00 per ton. 


HOG MEALS. 


Twelve samples of “Hog Meal” were collected and analyzed, six of 
which were found below guarantee in fat. 

The chemical analysis of the various samples did not.vary greatly but 
the composition was very different and the retail prices quoted ranged 
from $26.00 to $80.00 per ton. 


DAIRY FEEDS. 


Ninety-nine samples of dairy feed were collected and analyzed. Thir- 
teen were found below guarantee in protein and 10 were below in fat. 
The percentage of protein found varied from 4.7 to 29.5 per cent and the 
fat from .04 to 7.3 per cent, while the retail prices quoted ranged from 
$25.00 to $35.00 per ton. 

The character of the feeds sold under this class differed very greatly, 
some being mixtures of bran, malt sprouts, cottonseed meal, linseed 
meal, ete., and others being composed largely of molasses, alfalfa, screen- 
ings, and concentrates such as cottonseed meal, distillers’ grains, ete. 

There is much room for improvement in the quality of the feeds sold 
under this classification and purchasers should make a careful examina- 
tion of all feeds before buying. 


HORSE FEEDS. 


Seventy-five samples of this class of feeds were collected, about 80 per 
cent of which were molasses feeds, being composed of alfalfa, cracked 
corn, oats or oat hulls and molasess. The percentage of protein varied 
from 7.4 to 14.7 per cent and the fat from 1.1 to 4.4. per cent while the 
retail prices quoted ranged from $26.00 to $35.00 per ton. Ten of the 
samples were found to be deficient in fat and one in protein. 


POULTRY FEEDS. 


Two hundred and twelve samples, comprising chick feeds, scratch feeds 
and mash feeds were collected and analyzed. Eight were found to be 
deficient in protein and 19 were deficient in fat. The majority of the 
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chick and seratch feeds were made up of cracked corn and kaffir corn 
with varying proportions of sunflower seeds, wheat, oats, buckwheat, 
barley, oats and weed seeds. The proportion of sunflower seeds was ex- 
tremely small, seldom amounting to as much as 1 per cent. Weed seeds 
were found in varying amounts in nearly all samples, in some cases, 
comprising 25 to 30 per cent of the entire feed. A great variety of weed 
seeds were identified but wild buckwheat, pigeon grass and lady’s thumb 
were most commonly found. Several of the samples contained cockle 
and ergot, both of which are poisonous, the latter especially so to young 
chicks. 

Forty-nine samples of scratch feed were free from grit and 48 con- 
tained grit in amounts varying from 0.62 per cent to 18.2 per cent, the 
average for all samples being 5.18 per cent. The average retail price 
for scratch feed without grit was $1.91 per ewt. while for scratch feed 
with grit it was $1.89 or only 2 cents per ewt. lower. No successful 
poultry man can afford to pay the high prices for weed seeds and grit 
that are now charged for this class of feed and purchasers should de- 
mand a product that is reasonably free from these ingredients. In the 
case of chick feeds there is some reason for including grit but the amount 
should not exceed 2 or 3 per cent in any case. 


CORN AND OAT FEED. 


This classification includes various products such as pure ground corn 
and oats, for which no license is required and mixtures of corn and oat 
by-products either with or without the addition of other grain by- 
products. The latter should be licensed before being placed on sale. 

Sixty-three samples were collected, only 24 of which were guaranteed. 
Thirteen (54%) of the guaranteed samples were deficient in fat and 2 
(8%) were deficient in protein. Several of the samples had a high mois- 
ture content which caused a rapid deterioration of the feed. Oat hulls 
in varying amounts were present in many of the samples. 


WHEAT BRAN. 


One hundred and eleven samples of wheat bran were collected and 
analyzed. Twenty-four of the samples were deficient in protein and 7 in 
fat. The percentage of protein was found to vary from 12.7 to 18.8 per 
cent and the fat from 3.1 to 5.7 per cent while the retail prices quoted 
ranged from $23.00 to $34.00 per ton. Screenings in excess of 2 per cent 
were found to be present in 50 per cent of the samples, the highest 
amount determined being 18.83 per cent. In the majority of cases the 
screenings were unground and consisted of broken wheat, chaff, oat 
hulls and weed seeds. As many as 13 different kinds of weed seeds were 
identified in some cases. 

Wheat bran with added screenings are held to be subject to the pro- 
visions of the law and should be licensed before being placed on sale. 
They should also be labelled so as to indicate the presence of the screen- 
ings. 


WHEAT MIDDLINGS. 


One hundred nine samples of wheat middlings, including one sample 
of Red Dog Flour were collected. Eight of the samples were “White” 
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middlings and the remainder were “Standard” middlings or “Shorts.” 
In the majority of cases the samples were properly labelled although in a 
few cases screenings were identified where the fact was not indicated 
on the label. 

The percentage of protein found varied from 12.0 to 18.1 per cent and 
the fat from 2.7 to 6.5 per cent while the retail prices ranged from $22.50 
to $35.00 per ton. 


WHEAT MIXED FEED. 


Eleven samples of wheat mixed feed were collected, 2 of which were 
deficient in protein and five in fat. The percentage of protein was found 
to vary from 18.1 to 16.3 per cent and the fat from 3.7 to 5.4 per cent. 
The retail prices quoted ranged from $24.00 to $31.00 per ton. The 
feeds under this class are mixtures of wheat bran and middlings with 
screenings and in many cases floor sweepings. All feeds under this 
classification should be licensed before being placed on sale. 


WHEAT AND RYE MIDDLINGS. 


Two samples were collected, one of which was below guarantee in fat. 
Both samples contained the same amount of fat while the protein 
varied from 15.7 to 16.5 per cent. The retail prices quoted ranged from 
$1.50 to $2.00 per ewt. 


RYE MIDDLINGS. 


Three samples of rye middlings were collected, only one of which was 
guaranteed. The results show a wide variation in protein from 10.8 to 
15.4 per cent and in fat from 1.5 to 3.1 per cent. The retail prices quoted 
ranged from $14.50 to $28.00 per ton and it is interesting to note that 
ithe sample having the lowest selling price contains the largest per- 
centages of protein and fat. 


OAT MIDDLINGS. 


One sample of coarse oat middlings and two samples of fine oat 
middlings were collected, all of which were manufactured by the same 
company. The results found agree very well with an average analysis 
for these products. 


BARLEY BRAN. 


Two samples of this class of feed were collected, both of which were 
above guarantee, the result for protein being more than 100 per cent 
above guarantee. The results as found agree very well with those given 
in Henry’s “Feeds and Feeding” for barley bran. 


CEREAL FOOD BY-PRODUCTS. 


Under this classification are included the by-products from the manu- 
facture of breakfast foods. Twenty-five samples were collected, eighteen 
of which were licensed and guaranteed. Five samples were below guaran- 
tee in fat. As the feeds included in this class vary so widely in charac- 
ter no comparison of the composition and retail prices can be made but 
intending purchasers would do well to study the results given in the 
following pages: 
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Pa 

sa Manufacturer and Trade Name. 

SH 

az 

| 

COTTONSEED MEAL. 
American Milling Co., Peoria, III. 
B 123 | Amco Cottonseed Meal..............00c0e000- 
J. E. Bartlett Co., Jackson, Mich. 
B691 | Acme Cold Pressed Cottonseed Cake............. 
B 265 | Jersey Farmer Brand Cottonseed Meal...........! 
B 342 | Jersey Farmer Brand Cottonseed Meal........... 
B 847 | Jersey Farmer Brand Cottonseed Meal........... 
B869 | Jersey Farmer Brand Cottonseed Meal........... 
B 894 | Jersey Farmer Brand Cottonseed Meal........... 
B 1269 | Jersey Farmer Brand Cottonseed Meal........... 
B 806 | Michigan Farmer Brand Cottonseed Meal........ 
Bl Michigan Farmer Brand Cottonseed Meal........ 
B47 Michigan Farmer Brand Cottonseed Meal........ 
B90 Michigan Farmer Brand Cottonseed Meal........ 
B120 | Michigan Farmer Brand Cottonseed Meal........ 
B130 | Michigan Farmer Brand Cottonseed Meal........ 
B 270 | Michigan Farmer Brand Cottonseed Meal........ 
B297 | Michigan Farmer Brand Cottonseed Meal........ 
B 324 Michigan Farmer Brand Cottonseed Meal........ 
B380 | Michigan Farmer Brand Cottonseed Meal........ 
B506 | Michigan Farmer Brand Cottonseed Meal........ 
B579 | Michigan Farmer Brand Cottonseed Meal........ 
B683 | Michigan Farmer Brand Cottonseed Meal........ 
B801 | Michigan Farmer Brand Cottonseed Meal........ 
B 827 | Michigan Farmer Brand Cottonseed Meal........ 
B 832 | Michigan Farmer Brand Cottonseed Meal........ 
B851 | Michigan Farmer Brand Cottonseed Meal........ 
B866 | Michigan Farmer Brand Cottonseed Meal........ 
B895 | Michigan Farmer Brand Cottonseed Meal........ 
B 899 | Michigan Farmer Brand Cottonseed Meal........ 
B907 | Michigan Farmer Brand Cottonseed Meal........ 
B930 | Michigan Farmer Brand Cottonseed Meal........ 
B 941 | Michigan Farmer Brand Cottonseed Meal........ 
B 1238 | Michigan Farmer Brand Cottonseed Meal........ 
F. W. Brode, Memphis, Tenn. 

B2 Owl Brand Cottonseed Meal.................... 
B3 Owl Brand Cottonseed Meal...................- 
B 22 Owl Brand Cottonseed Meal.................... 
B 222 | Owl Brand Cottonseed Meal.................... 
B 131 | Owl Brand Cottonseed Meal....................| 
B 836 | Owl Brand Cottonseed Meal.................... 
B 837 | Owl Brand Cottonseed Meal.................... 
B 852 | Owl Brand Cottonseed Meal.................... 
B 854 | Owl Brand Cottonseed Meal...................- 
B 857 _| Owl Brand Cottonseed Meal...................- 
B 858 | Owl Brand Cottonseed Meal.................... 
B910 | Owl Brand Cottonseed Meal...................- 
B 1032 | Owl Brand Cottonseed Meal...................- 
B707 | Dove Brand Prime Cottonseed Meal............. 
B 743 | Dove Brand Prime Cottonseed Meal............. 


*Abbreviations for Guaranteed and Found. 
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Laboratory 
number 


B 653 


B 69 

B 143 
B 176 
B 618 
B637 


B 187 
B 304 
B 384 
B 913 


B 1260 
B 1315 


B80 


Manufacturer and Trade Name. 


The Buckeye Cotton-Oil Co., Cincinnati, Ohio. 


Buckeye Prime Cottonseed Meal 
Buckeye Prime Cottonseed Meal 
Buckeye Prime Cottonseed Meal 


Chapin & Co., Hammond, Ind. 


S. P. Davis, Little Rock, Ark. 


Veribest Cottonseed Meal 
Veribest Cottonseed Meal 
Veribest Cottonseed Meal 
Veribest Cottonseed Meal 


East St. Louis Cotton-Oil Co., 
National Stock Yds., Ill. 


Illinois Brand Cottonseed Meal 


Illinois Brand Cottonseed Meal 
Illinois Brand Cottonseed Meal 


Illinois Brand Cottonseed Meal 
Tilinois Brand Cottonseed Meal 


Illinois Brand Cottonseed Meal 


Empire Cotton-Oil Co., Atlanta, Ga. 


*Abbreviations for Guaranteed and Found. 


Buckeye Prime Cottonseed Meal............... 


ee 


ee ee ee 


Green Diamond Brand Choice Cottonseed Meal... 


Good Luck Cottonseed Meal........-.......... 
Good Luck Cottonseed Meal..............2200: 
Good Luck Cottonseed Meal..................- 
Good Luck Cottonseed Meal................... 
Good Luck Cottonseed Meal...................- 


| 


East St. Louis Cottonseed Meal................- 
East St. Louis Cottonseed Meal...............- 
| East St. Louis Cottonseed Meal................ 
East St. Louis Cottonseed Meal................ 
Kast St. Louis Cottonseed Meal................ 
East St. Louis Cottonseed Meal................ 
East St. Louis Cottonseed Meal................ 


Illinois Brand Cottonseed Meal................ 
Illinois Brand Cottonseed Meal................ 
Illinois Brand Cottonseed Meal................ 
Illinois Brand Cottonseed Meal...............- 
Illinois Brand Cottonseed Meal................ 
Illinois Brand Cottonseed Meal...............- 
Illinois Brand Cottonseed Meal................ 
Illinois Brand Cottonseed Meal................ 
| Illinois Brand Cottonseed Meal. .............0. 

Illinois Brand Cottonseed Meal 


ee ed 


Gilt Edge Cottonseed Meal.................... 


Sampled at, 


Gladstone...... { 


North Adams... { 


Jronwood: tet. ee. 
Marquette............ 
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or cwt. 


Price per ton 
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Laboratory 
number. 
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B 238 
B 269 


B 434 
B 483 
B 591 
B61 


B 807 
B 1023 


B 1312 | 


B 1318 


B 1244 


B 451 
B 480 
B 492 


B 1044 | 


B 495 
B 1040 


B 444 
B 526 


B 348 
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Manufacturer and Trade Name. Sampled at 
Feeders Supply Co., Kansas City, Mo. 
*q. 
Equity Brand Cottonseed Meal and Cake........ ansing ss... { oi 
| Equity Brand Cottonseed Meal and Cake SANGIN ES tere jotaieielvrareteroee 
| Equity Brand Cottonseed Meal and Cake Owelles hevsais oriceleere 
Equity Brand Cottonseed Meal and Cake VROKSOW Fits ois avercise ever 
Equity Brand Cottonseed Meal and Cake Jackson...... 
| Equity Brand Cottonseed Meal and Cake Dowagiac. . 
Equity Brand Cottonseed Meal and Cake... Decatur...... 
Equity Brand Cottonseed Meal and Cake... Grand Rapids. 
Equity Brand Cottonseed Meal and Cake... Grand Rapids. 
Equity Brand Cottonseed Meal and Cake... Reed City.... 
Equity Brand Cottonseed Meal and Cake. . . Ann Arbor.. 
Equity Brand Cottonseed Meal and Cake Ann Arbors cscs ce cae 
Equity Brand Cottonseed Meal and Cake Dundee.............. 
Equity Brand Cottonseed Meal and Cake Bint 5. cbs bis ceienetnele 
Equity Brand Cottonseed Meal and Cake........ Union| Cityz.caseecee 
Equity Brand Cottonseed Meal and Cake........ Manistee acs necossrace 
Equity Brand Cottonseed Meal and Cake........ Marshalliiesvo-ncieccne 
| Equity Brand Cottonseed Meal and Cake........ Eaton Rapids......... 
IAVEraeGsn ccisace ce 
Humphreys-Godwin Co., Memphis, Tenn. 
*G. 
Buli Brand Cottonseed Meal.................+-- Colomazceecers a 
Danish Brand Cottonseed Meal................- Grand Rapids... *F. 
Danish Brand Cottonseed Meal................- Grand Rapids.....-... 
Danish Brand Cottonseed Meal................. Grandville?sceece sc es 
Danish Brand Cottonseed Meal.............-.-- Gadillackee steers 
AVETAZO oe chicks sane 
*G. 
Dixie Brand Cottonseed Meal..............++0+ Berlin saseees { adh 
Dixie Brand Cottonseed Meal.................- Petoskeyacisce ssi sists 
Average........... 
Imperial Cotto Milling Co., Memphis, Tenn. 
*G. 
Imperial Cotto. s-chesecdaiante ssmesereeneee Grand Rapids... { +h 
Imperial Cottosncscin basaceetoaer anaes Zeeland eis ers ase evel 
Average........... 
Lainer Bros., Nashville, Tenn. 
*Gi 
Jersey Brand Cottonseed Meal...............+.. INDes 35. .icies/c0% { val 
W. C. Nothern, Little Rock, Ark. 
*G 
Bee Brand Cottonseed Meal.................0+: Grand Rapids... { “i: 
Bee Brand Cottonseed Meal..............-.20+- Reed City. saeicss ems 
Bee Brand Cottonseed Meal...............0.00 BigiRapids)(s cco ee 
Bee Brand Cottonseed Meal...............+.0+: SPST arith. are cnieie eines 
AVEPALO. ccs atweiicre 
*G. 
Butter Fly Cottonseed Meal and Cake........... Nilesie thie sae { *P. 
Butter Fly Cottonseed Meal and Cake........... Reed City. .esc scorer 
Butter Fly Cottonseed Meal and Cake........... Davisonescaivccs s ssc 
Average,.......... 


. i=} 
5 | & 
3 ao] 
o 
s | 8 
anata 41.0 
9.2 | 35.9 
7.6 | 41.3 
6.4 | 39.2 
6.7 | 40.5 
7.3 | 40.0 
7.8 | 38.1 
8.3 | 39.3 
8.2 | 39.0 
D2 A128 
7.0 | 41.0 
9.1 | 33.9 
9.3 | 33.1 
8.1 | 42.2 
7.9 | 39.4 
8.4 | 38.6 
7.8 | 38.6 
8.5 | 35.9 
6.8 | 41.5 
7.9 | 38.8 
Newsies 41.0 
7.0 | 41.6 
Prec te 36.0 
9.2 | 36.4 
8.1 | 35.3 
eed | Rifai! 
Teel ey eel 
8.2 | 36.5 
toa 38.6 
“7.3 | 38.8 
7.9 | 35.0 
7.6 | 36.9 
RO in 41.0 
8.0 | 40.6 
9.1 | 35.9 
8.6 | 38.3 
eS 38.6 
8.0 | 39.6 
Seen 41.0 
9.1} 41.8 
7.6 | 42.3 
7.6 | 43.3 
ep elec 5 bea | 
85 2s\w42eT 
aerate ete 39.0 
7.6 | 36.3 
7.4 | 37.9 
7.9 | 38.7 
7.6 | 37.6 
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| = ., =| 
Ba: | tse |e fo gh pe ow: 
eae} Manufacturer and Trade Name. Sampled at ~ £ a 3 aq lesa 
a 3 ae 
Ba) Sse ee ea ioe 
ccm Cres |e eel ae 
4 | 2 16) 6) Ay 
Roberts Cotton Oil Co., Memphis, Tenn. 
SG ee At Oi muGe OM mLOZO. Ire jeter 
B4s6 | R Brand Cottonseed Meal.................+++- Grand Hapidses. et Hes |) S201) 4020 ie Se O) Gear hiciete os oe 
| (Cire laren SSO) t sOHOlal) LOR tterete ere 
R504 | Prime Cottonseed Meal... 60.0.0. 0c ccencess Coopersville.... | *F 7.0 | 40.3 | 7.3 | 9.5 | $35 00 
BHO2iw i erime| Cottonseed Meals. cscccecceccses ce ceo Traverse Cityiec.<s «ce 7.4 | 37.4 | 5.6:| 12.8 36 00 
AVEDARO: Wierrecrivts.ws Fecal SAO? maroon |MLiierain tore vere ctersy« 
Sherman Oil Mills, Sherman, Texas. 
| { Challaceous PEW OO) Oa Ileooonoe. 
B 274 | Cottonseed Meal and Cake................000- Jackson........ SRP Tais (ROB On| wie Su leeleriailn  So5n00 
B 889 | Cottonseed Meal and Cake...................- Rochester jeva'aeissiaree =. 8.6 | 38.3 | 7.2 | 10.9 2 00 
AVErare soa. vcr. cos Se2 SOS ie eon MSM eieereerese 
Texas Cake & Linter Co., Dallas, Texas. 
*Gillnacee BSe6r | G0) 22e0n |G meres 
B500 | Interstate Cottonseed Meal...................- Coopersville. *F, | 7.6 | 34.4 | 6.6] 14.6 | $35 00 
| aGs legecee 41.0 620 |, TORO" | ear 
B1S80 | Sunset Brand Cottonseed Meal................- Detrottencs.. 2 RH e822 3929) | Oran 5 37 00 
B459 | Sunset Brand Cottonseed Meal................. Grand Rapids......... Had |Petee rice) aliles} 38 00 
B497 | Sunset Brand Cottonseed Meal................- Jenison years asec | 7.9 | 38.6 | 6.2 | 10.4 40 00 
B 1022 | Sunset Brand Cottonseed Meal................. Holland yan. sncrwe ne (aD [ree RU UNE osama 26 
B10t8 | Sunset Brand Cottonseed Meal................- Holland ten mceniceretacste 6.4 | 39.8 | 6.9 | 12.0 37 00 
B 1006 | Sunset Brand Cottonseed Meal................. Heclandervactecistetecees On| PSO e saa lOste || LOMO cverayeteresete 
B 1002 | Sunset Brand Cottonseed Meal................ TBNEVC seootmocodueS 8.6) o6eh 529) 1226 38 00 
B565 | Sunset Brand Cottonseed Meal................ Jamestown.........-- Gas) 44 2 eS les 37 00 
573 | Sunset Brand Cottonseed Meal................- Heeland!.. hs scene ane 7.4 | 8824) |. 625°) 1274 38 00 
511 | Sunset Brand Cottonseed Meal...............- Wrresland i eacth ce ec 7.2 | 36.8 | 6.9 | 12.8 38 00 
517 | Sunset Brand Cottonseed Meal................. Forest Grove.......... Seaton re) | tanG 40 00 
673 | Sunset Brand Cottonseed Meal..............-.- Morenei. 3 o0n00 2 (POOR SALSNe cefetere| THES) 1 90 
680 | Sunset Brand Cottonseed Meal...............+- sPECUMISEH Seiler sere ee G29 |RSOlO ls Ved det 1 95 
996 | Sunset Brand Cottonseed Meal................- Oxfordhitaponjcace cece SA ahen | Gale|| isco 2 00 
1289 | Sunset Brand Cottonseed Meal................- Battle Creek.......... Uae eB iseee este] 34274 39 00 
VOL AGO vas crtefeanie Ted) PSGe Da Ono ne lle d alec lcrretare 
| Union Seed & Fertilizer Co., Argenta, Ark. 
1 1 
; et eee SRO a tala lites ae aetna 
B815 | American Red Tag Cottonseed Meal........... Imlay City..... *F. | 8.0 | 38.7] 6.8 | 11.5 | $88 00 
Wykes & Co., Grand Rapids, Mich. 
S Gallente ATCO nON) LOsOn lm aterrjer 
Adsuule vasa ovLonseed Meal sea tercnit otic ceiei<isie’ nciates Grand Rapids... | *F. | 7.5 | 42.9 | 6.9 | 7.7 | $38 50 
A72aa| oss Cottonseed: Meals 2.1 sisi ctoys.c tts eo rersemisterss Grand Rapids......... Te Smne229) ||) Gitano 43 00 
b2Giea | e¥" X Cottonseed: Mealiccs so ccsarcta asia clotes. ol Heclandh\.c ae ears eo S403 700) 1628 38 00 
ANVERAPOS Scar sisias 5 (CN Be SE reat iio? fall Seo aeiate 
COTTONSEED FEED. 
Tennessee Fibre Co., Memphis, Tenn. 
*Galineeeee 20.0 AZOM eQuilter ceekels 
B 691 | Creamo Brand Cottonseed Feed................ Mason's. isciees s Pee re Oot heseOn AIO scowl, 
LINSEED MBAL. 
American Linseed Co., Chicago, Ill. 
Oa eee BAO) «BOs GEO lise v2 
OS a Osdes linseed (Ol Mealioc a <o.iv'e terarie viele eines Bronson........ ea Orouiaanoy lived alle deo $2 25 
935m |Os.bs lanseed' OildMeal, 04.06 sui tocecterio nse are Bransonesecasctiesc or 9.0 | 33.4) 6.4] 8.2 PSP 45) 
Average......\.... 8.8 | 38.4] 7.1] 8.1 ]........ 


Laboratory 
number. 


B 345 
B 368 
B 410 


B 34 
B 316 
B 1016 


B 419 
B 508 
B 527 
B 559 
B 570 


B 374 
B 630 


B92 
B 463 
B 512 


B 567 


B 703 
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Manufacturer and Trade Name. 


American Milling Co., Peoria, Ill. 


| Ameo Dinseed Meal. (occas son aera cadsecerene 
Amoo Linseed Mealy. iacco2 dicen rites Macnee cnn 
AmcoJoinseediMeallsoan cies son nunca nes lan ees 
Ameodinsead Waal a. aac 2 cncaota eit aoe arte on at 


Archer Daniels Linseed Co., Minneapolis, Minn. 


OFPS Ground Oil Cakeseasat-cechisc cece eee ce 
ORR Ground OliCakete co asaes cece cies omens 
OSPR Gronnd OiliCakesas. tie scceee ceo te 


Chicago Heights Oil Mfg. Co., Chicago, Ill. 


O. P. Laxo Cake Meal 
| O. P. Laxo Cake Meal. . . 
O. P. Laxo Cake Meal... 


Hirst & Begley Linseed Co., Chicago, III. 


Hirst & Begley O. P. Linseed Oil Meal....-...... 
Hirst & Begley O. P. Linseed Oil Meal........... 
Hirst & Begley O. P. Linseed Oil Meal........... 
Hirst & Begley O. P. Linseed Oil Meal........... 
Hirst & Begley O. P. Linseed Oil Meal........... 


The Metzger Seed & Oil Co., Toledo, Ohio. 


Midland Linseed Products Co., 
Minneapolis, Minn. ° 


P. Ground Linseed Meal........2......0+2-e-- 


(0. 
| O. P. Ground Linseed Meal................0.00. 


| 


Milwaukee Linseed Oil Co., Milwaukee, Wis. 


| (GroundsGinseed! Cake: =... 22.sesccenne cet | 


iGroundhinseed| Cakes smn te cemeciscene eeenie 


Milwaukee Linseed Meal...................-..- 


Minnesota Linseed Co., Minneapolis, Minn. 


| (Ground) Rinseedi Cakes.) o.0 hate ater s aces 


| Pata ewer 


| Ground Tinseed|Cakerea trcre mieten sc eeeerr | 


Sampled at 


Grand Rapids... 
Forest Grove.......... 
Hremontiose since erear 


“A Te 

Niles Misctbscecs { Joe 
Niles Seo Aono ntek eas 
Grand Rapids......... 
IAVOLS GO: oie/uc ce canis 
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3 | 2 
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a=) o 

4| 3 
2p | a. 
1 See 30.0 
9.7 | 30.3 
9.1 | 30.3 
9.1 | 30.8 
9.7 | 30.3 
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cere 32.0 
8.5 | 36.1 
8.1 | 33.9 
9.0 | 34.8 
8.5 | 34.9 
TS ee 34.0 
Grand Rapids... 10.1 | 34.0 
Coopersville.......... 8:2 | 32.9 
Zeeland 8: sl e2c5 
Muskegon............ le BSaGr sae 
| 8.9 | 33.4 
| 8.9 | 33.2 
ese? 30.0 
IL BR 
| 7.9 | 35.0 
| 8.3 | 33.6 
| 8.1 | 34.1 

| 
epee 32.0 
| 9.9 | 34.4 
| 8.5 | 34.3 
9.2 | 34.4 
| 

Lats 32.0 
8.4 | 35.4 
| 10.0 | 35.1 
|) SgintG|s38"8 
| 9.2 | 34.8 
i ae 32.0 
. | 10.0 | 33.8 
| eee 34.0 


Niles! fo05 sasecc 
Dundee oan cae 


AVOLALOS ee. cciclnwns 


Bay Citysenena 


Grand Rapids......... | 


VirleslanGesinsccmcue tee 


Escanaba....... 
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{oe | 


ait to ee 

3 are) ke 

Sc) 2a 
es] ao] on 

= z ‘5° 
iS) ie) [a0 

5.0 | 10.0) ene 
6.3 | 8.7| $42 00 
6.5| 9.2| 4000 
5.6 | 8;80\eeee 
6.4/ 8.4| 4250 
6.2 | (2:9) 
6:0!) LOO sl enemas 
6.6| 7.7| §2 15 
6.9 8.2 pa IG) 
6.5| 8.1| 4200 
6.7 | 8:0 


G0) 920) | eee 
8.5 | 2.4] $45 00 
9.1| 7.9! 4000 
11.6 | 7.8| 4200 
9.4] 8.2| 4000 
9.6| 7.7| 4100 
9°62 70a eee 
5.0, 110-0 deseneee 
6.8) o-aee 
6.8| 7.7 | $40 00 
7.1/| 7, Sule 40000 
6.9.| ‘Feace eee 
5.01 50.50) eee 
5.4| 7.6| $215 
8.5 | 7.4 2 00 
7.0: |) #75 ae 
520.) 8.00 eee 
6.3 | 74 | = Soman 
71.1 7 | oe 
6.7| 8.5] 4200 
6.7 | 720) ee 
5.0.| -8.0-1-oeeeeee 
6.9] 7.9| $41 00 
| 
50.3.0" eee 
61 7e78 a s2eIG 


number. 


Laboratory 


B 385 
B 535 


B 932 


lowfle] 
a4 
wom 
mo 


B13 

B54 

B78 

B 159 
B 184 
B 257 
B 279 
B 303 
B 804 
B 809 


B 83 


B77 


B55 


B93 


EXPERIMENT STATION BULLETINS. 365 
ANALYSES OF FEEDING STUFFS FOR 1915-1916.—ConrinueEp. 
| 
= | 
‘3 | u 8 
| A | aS o nF 
Manufacturer and Trade Name. Sampled at = = | 38 = Se 
&#/3/31)28) ee 
2/2/2)2 | 28 
oe 6) Sip fl 1S, AY 
Northern Linseed Oil Co., Minneapolis, Minn. 
: eo ANGE 33.0 | 6.0 | GON aaaasec 
O: P: Ground Linseed Cakes... 2... 2ctc-s00cens Dowagiac...... EY al Oban oda GAs econo $2 25 
O: P:'Ground Lanseed! Cake.?.. 5. .csucers-oreee Spring Lake..-....:-. 9.2! 33.3 | 6.45) 873 46 00 
{ AVEPASO ee cca voeial 9.4 | 33.2) 6.4 | SiG les see 
The Sherwin Williams Co., Cleveland, Ohio. | | 
(oe 2s fake 3320): GLO ee SeON | oan eee 
Sherwin Williams Linseed Oil Meal............. Bronson........ SES 903425 | O02 729 $2 25 
| | 
Spencer Kellog & Sons, Buffalo, N. Y. 
ee | As oye SLO a be MLOLO | peree eee 
PureO re Onl Moalins...ccaseies serene vee cameos Benton Harbor.. | *F. | 8.8 | 34.6 | 5.7 | 7.4 $2 25 
PureiO Ps Oi Measles <1 Gre cnicice Gas eceeeeeen MES cack oe Neocles ee ial bi titel EM SIC) | etal 8) 215 
PirejOsSPAOiiWealeeti ye cen sean ee os aaa Grand Haven......... 9.3 | 35.2 | 5.9| 8.2 42 00 
eB ree OL Pa Oil Mealine cn tc aeisjne- «cc, eierereie st eiaye.oe ee HronsRiversosc cee acre Se esb ee) 6l0ule reo 2 50 
eure Ones OiliMeal sears veces asc celcietas cveista soc Tronwood..... Ise We Gi |\co£eaul leo eadoo 2 50 
HHO Ws le OAR oe po eceradbosucuneocoods Ontonagon........... 8.9329) | Se8al a8 2 50 
Averages. ates. BET OES Gt 2s Olek r cise 
Toledo Seed & Oil Co., Toledo, Ohio. 
{3g ie oe 40°0.\ 500/100) |;..-4.562 
OBBA Oil Mealy sits csetessheroters gs rarer. s,s Te Owosso......... FNS 8 OO: Ls GES hase! $2025 
OSESOMe Moab Se sccm sve anee sae esc oe Sacmaweavecse oe: 8.2 | 32.71 6.3] 8.0 DS OEE 
ODES OmMeal ss aces breast een eee Bay Cityes.s saeecnes | stl) SIV PA Gy | Bash 42 00 
OEP ON Meals svete tone once eles Howelltate ee, 9.4 | 31.8) 6.9] 7.6 2 25 
ONES OiliMedling -As tee Nee e hi. -obia nd aclne errs Wetroitees ane sa aces ae 8.5 | 30.4! 6.0] 8.8 38 00 
OSES Oi Meal ste ec nacre Saaseeeee ACKSOM Ns. ce ciae eee: 7.9 | 29.6} 6.3} 8.6 2 00 
OEPMOU Measles (re, eee dastetiacostndicean sere Det A. ses tess 8.7 | 30.0! 6.2] 9.0.) 1 95 
ORPROUIM eal See ee rte in haw ata Sone IDetroitess eee cetee od 8.3 | 29.8) 6.2) 9.1 1 90 
OSE. Oilt Mealy aes eee ok eee eee ene Berry ance tee 8.6 | 30.0} 6.1] 8.7 40 00 
OPP OiliMealht so) 28 oe eo ee eke ings ae no. cea eet 9.8 | 29.2} 5.9) 8.8 42 00 
| ———— SSS SS™_ SS 
Averareess*). vnc ce S264/F S024") (653) |) SES) Ia hoe 
FLAX SEED MEAL. 
Bromfield & Colvin, Bay City, Mich. 
FG a thatessce |teee erate (os oe eee leete ew 2 
Wiasaseed! Meal mics corixd a erie Bee BayiCity.ns cee { SR | i ondulese. o. |e27 Oa eoks $5 00 
Chatfield Milling & Grain Co., Bay City, Mich. 
lax: Seed Meal see op acters te seen eee he eines 2 BayiCity: seers aoe 5A) 2943904 195.2 $6 00 
Mayflower Mills, Fort Wayne, Ind. 
bf Ol al ba Seal erick ena | SemeEee 
Blaxi Seed Meal sac sip ieni cea cesisadaneearsoains: Saginaw........ { *F, | 4.1 | 23.3 | 29.6] 6.4.) $5 50 
Wenonah Mills Co., Bay City, Mich. 
HilaxispedsMeal. ture acard cisco d Batew aralerwie ito es Bay Clty eaione cree leterais 9.9 | 23.6 | 30.8] 6.6 $4 50 
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| 
qd 
Be |: oA) SSR Ae ea ee 
$3 Manufacturer and Trade Name. Sampled at 5 5 3 i SE 
58 2/3/3/3] se 
A Ss E Eg Ez =o 
Ss =) 16) 5 6) Ay 
DISTILLERS’ DRIED GRAINS. 
Chiefly from Corn. 
Ajax Milling & Feed Co., New York. 
{79- aes 30.0 | 10.0 | 14.0 |........ 
B 25 ENTE qe C Baunsed paaboopAeeunsoannchosbaensue Mt. Pleasant.... | *F. | 5.7 | 30.2 | 9.2) 17.3] $34 00 
BGOy Alar lakessenesmunee tier erioct eee alee Howell Stee eeereeae 6.3 | 31.2 ) 10.3 | 11.7 1 80 
aga | NES SIM EAKGS), co an sbodnapuncoesc7eoda oon aKsoabe WESGING Agonapesongaae | 7.9) 33.8 | 10.3-) 11:1 1 80 
B 243 | Ajax Flakes..... HuGoaDDoOOs SogHouoS paUbeuodoTs Jackson. s./<dcsreste vise || Fok’ TESST, | SO tas eG: 1 75 
Bist Ome) Ajaxllakeavet. no ciceis cistron « ciate ntaween’s Bhvom nets Win Gre tere.cyeve cases 6.1 | 30.4 9.3 | 13.5 35 00 
AVL ESE icicdeiceanr's | 6.6 | 31.9 | 9.8 | 13.0" )" toga 
Continental Cereal Co., Peoria, Il. | 
* Galea 29.0 |) 10505) 1030) herr 
B 228 | Continental Gluten Feed....................05- Jackson. .3..2.- Siete eee Ole eo ulmeee $1 75 
Bi343, |) Continental GlutentMeed\y. cs «2.0. eee pee een Buchanan’ cmeee sees) T4\ 2026) |Pece ease Lid 
B455 | Continental Gluten Feed...............2..00.0 Grand Rapids......... 9.1 |) 26200) 7S a ees 33 00 
Bi499 - | Continental Gluten'Feed'. .3€.. 2. clocks. cemeeeee Coopersville.......... ic fest ah Wer LIEN Petes ite es 32 00 
B 624 | Continental Gluten Feed..................0008 Vipsilanthasnmesmeme ce | 9.6 | 27.0) 7.4) 5.2 1 50 
Average........... | 8.2!) 26.500) cere Oil aid aaa 
Dewey Bros. Co., Blanchester, O. 
bd Cra Iprominee 3020!) 1020411370 h eee 
Biol | HaglesDiDried Grains." cee eee einer ae Jacksons ceeee SH cS a| ee Osidia lito mesend $1 75 
Bi1297.5), Hagle 3D) Dried Grains\..aeeeenecsesce oc otece ate Battle Creek.......... | 5.8 | 32.6 | 14.0 | 12.9 175 
Average........... | 6:8 | 38.7 | 1298") x0v5) | eee 
Hammond Distilling Co., Hammond, Ind. | 
sdeee 30:0) | 10500) ceca |2eee eee 
Bilp4ias| Dried istillersGrains.. 6.) kiccec «sei clone Detroitescceenes 5.8} 30.7. | 10.5) || 1051 | 9 S32n00 
B73! s\eDriedsDistiiers’ Grains... cs: cks-isceie cierto Wackson® eect seeee | 6.6 | 32.9 | 11.0] 9.6 31 00 
4 Average..........- 6.27] 31-8.) 10;Sa\69: 0 |e 
Larrowe Milling Co., Detroit, Mich. 
? es onl tee 26.0:| 70!) 907i 
B 880 | Brownie Grains, Steam Dried Distillers’ Grains....| Birmingham.... | *F 9.7 | 29.1] 12.1 | 9.0 $1 65 
| 
DISTILLERS’ DRIED GRAINS. 
Chiefly from Rye. 
Interstate Feed Association, Detroit, Mich. 
CE east 160°). (47:0) | 21220) eres 
B779 | Interstate Dairy & Hog Feed................... Bay City.-5.-< SR 2) oe) Deze lone $1 40 
B 780 | Interstate Dairy & Hog Feed..................- WADCER Acca ee nsioe 10.6 | 14.1 | 5.2) 13.0 25 09 
AVOLAOs © asia si sels 8:9.) 1338) | abe 5 staan eee 
BREWERS’ DRIED GRAINS. . 
J. E. Bartlett & Co., Jackson, Mich. 
{oe see eee 1970'| (6.0) 20300 sseeeeee 
B 1291 | Bartlett’s Malt Sugar Grain & Feed............. Battle Creek.... | *F. | 7.9 | 18.7 | 6.3 | 18.3 | $23 00 
Farmers Feed Co., New York. 
{= LAER 2752! || Gree) 16820 |--. eee 
B 884 | Bull Brand Dried Brewers Grains............... Birmingham.... \ *F Volt | 200. |e Oa pole eee $1 50 
The Fleischmann Co., Chicago, Ill. 
(ae seeing POLO!) SieOh (igh Ok OSs. ewer 
B470 | Fleischmann’s Dried Grains................... Grand Rapids... \ *F. | 7.5 | 18.1] 6.7.| 17.9 | $27 00 


*Abbreviations for Guaranteed and Found. 


EXPERIMENT STATION BULLETINS. 
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Laboratory 
number 


B 452 


B 267 
B 465 
B 1272 


B 414 


B 613 
B 628 
B 808 
B 813 


B 271 


B 12 
B46 
B 89 
B 105 
B 125 
B 247 
B 421 


B 685 
B 823 
B§44 


Manufacturer and Trade Name. 


Hottelet Co., Milwaukee, Wis. 
Holstein Brewers’ Dried Grains................. 


Kellogg-Toasted Corn Flake Co., 
Battle Creek, Mich. 


Dried Brewers’ Grains. ............-..+-2s000+ 
Dried Brewers’ Grains.........+-.see-seeeeeees 
DrredtBrew.ers Grains). ni-csicces cies c aivnve als pmo lapeie'e 


K. & E. Neumond, St. Louis, Mo. 
Goldnes Kalb Dried Brewers’ Grains............. 


CORN GLUTEN FEED. 


American Maize Products Co., New York, N. Y. 


Cream of CornGluten Feed. ...........0-+-e00-- 
Cream of Corn Gluten Feed.................0-- 
Cream of'Corn'Gluten Peed). 2 55....0100 2 «cc0ec cn. 
Cream of Corn Gluten Feed................--.. 


J. E. Bartlett Co., Jackson, Mich. 
National Gluten Feed......0.000cssccec8eccecees 
Corn Products Refining Co., New York, N. Y. 


BuffaloiCorn'Gluten Peed !.....56.asccscemecncrsas 
Buffalo Corn Gluten Feed. ..........2ccccceeses 
Buffalo Corn Gluten Feed): 0.00200: 000cceacees 
Buffalo! Corm Gluten! Weeds. iota. sa cclcce coe ses 
Buffalo Corn'Gluten Feed... oc cad. cles occ ewes 
Buffalo Corn Gluten Feed. . . SS 
Buitalo: Corn Gluten Need). 3. nce. ccc sc. sees 


Douglas Co., Cedar Rapids, la. 


Douglas Corn Gluten Feed..............0+-e00- 
DouglasiGorniGluten Peeds 6. s..cccc- case. cei = 
Douglas Corn Gluten Feed..............--+005- 
Douglas Corn: Gluten Peed ¢ o.oo sree oc csoe:sie. cere 
Douglas Corn Gluten Feed. ...........:...205. 
Douglas Corn Gluten teed. oA. jieitere a'n<'> vieiereverers 
Douglas Corn Gluten Feed. .............-.200-: 


Huron Milling Co., Harbor Beach, Mich. 


Jenks: Corn Gluten: Feeds. o...csjee0 + ose esieciinele 
Wenks' Corn Gluten! Reed os. + ciaic;<leiasaretere srsie/sreietstetie 
Jenks Corn Gluten Peed)... 010 0'se a.osisiseiee o's vie.cie 


Sampled at 


*G 

Grand Rapids... { i: 

*G 

Jackson........ “ol 
Grand Rapids,........ 
(Battle Creek 2-55. 0.5. 
Average........... 

{ *G. 

Grand Rapids... \ *F. 
°c: 

Ann Arbor...... *F. 
DUNG i ieiareicreieiseste.e 
Mints Gaacceecieeesn as 
DavisOMemeteetsoennne 
AVErAge a creicere 

{ *G; 

Jackson........ = 


Grand Rapids......... 


PAV ELADO LG, stirs sia 


Moisture. 


se eeee 


Crude protein. 


_ 
“Nb 
ar 

NO 


NR RR OOD Ne 
NON PR WHO 


| 


i) 
—" 


WW bo WCU DD WO 
Nw DORIWO 


| 


w 
_ 


Crude fiber. 


14.0 


GAN ONA NSO 


for) 
=) DWOwounmwia 


OI OrsI 103 00 
OPNOOW RO 


367 


Pricer per ton 
or cwt. 


ow we 
NR OR Ore 
=> 
o 


i) 
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| E 
P| = 3 | 8 
23 Manufacturer and Trade Name. Sampled at 3 5 Ss ne st 
5 8 5 7] o 2 a ° 
aa 2 ao] = ia) Oo, 
a | Sle) 2 ei 
eee = 16) 6) 6) & 
| Interstate Feed Association, Detroit, Mich. 
| 
es soaeate 21:9 | 723) | 1536) See 
B572 | Interstate Gluten Feed...............- Aeieeate Se Zeeland........ *F. | 7.9 | 20.4] 7.9 | 19.4 $31 00 
B615 | Interstate Gluten Feed............+-.-00020---- AnnvArbor rice ies 9.8 | 22.4 | 7.1 | 13.5 155 
Average..........- $:9)|\ 20.4. |. 075s | 16 E5 al eee 
CORN GLUTEN MEAL. 
Corn Products Refining Co., New York, N. Y. 
; CE eae 40.0 1.5 4204). ccemerens 
B 1010 | Diamond CornGluten Meal.................-.-. Fremont....... ene 9.7 | 45.3 1.3 1:4. oe rete 
B 1249 | Diamond Corn Gluten Meal.............-...--- Baw aw santocelclsise=c 10.0 | 44.4) 1.5] 1.4 $2 00 
B 1292 | Diamond Corn Gluten Meal...................- Battle Creel... en 6.7 | 46.5} 0.6 | 1.6 39 00 
IAVELALE Vote. c501sleeieioc 13.2) (45.4 |. Lolo) eae eee 
HOMINY FEEDS. 
Cereal Mills Co., Wausau, Wis. 
{ SG eects 11.3 8.5} 74.00) Sseeeeee 
B77. |(CemcoiHominy: Weed), <2). coc cdeccc ste cie se cess Crystal Falls.... | *F. | 15.9 | 9.9] 7.4} 3.0 $2 00 
B'720" |Cemeo Hominy: Peed hi. iic.s aces ses onsiceeeren TrontRivers.gcvsceere 9.2),|2929))|\7e2aleoao 1 75 
Average......... 1286). 9.9))| 2753le Seon) eee 
Evans Milling Co., Indianapolis, Ind. 
{ SG si(Eoacce 100°}.7 7:5 || 7G 
B 268 | Evans: Hominy Reeds: 3c. .cj0 ccs «seein s+ cs <i Jackson........ *F, | 10.1 | 10:1 | 7-2 | 1386) ss0r00 
BiGwas | slbvanss Hominy: Reed ja cmecciocls suis cig siersicies re Morenci.......:....++ 9.4) 10.0} 6.4] 6.1 1 50 
Bis73.0 Evans Hominy Weed) 2/ecc cisco ors ols rerio ieee Pontiac. c)t co cicaieeetos 10.6 | 10.4} 6.3] 5.0 155 
IAVerage sy: scenes 10.0'} 10.2-), .G°G) | (4:90 eo eoaeee 
U. S. Frumentum Co., Detroit, Mich. 
{ *Gs Ronee 9.5) 7:3] ONaeeeeeee 
B917 | Frumentum Hominy Feed....................-- Detroitsscaeee *F. | 10.2 | 9.6) 7.7 |. 4:8 |) $27 60 
Chas. A. Krause Milling Co., Milwaukee, Wis. 
{ bd Cela ac 1030.) 6:0:|) 52 0ulaee gee 
Bae) || Badger Hominy Needs 2. smc lee cee eeielvieniin ee Mowellez c.reejere *F, | 10.3 | 11.0} 5.9] 3.8 $1 40 
Bilge) Badger ominysteed ts ereccteiciecintciaie srepaitele eerie Forest Grove......... 8.8 | 11.8] 6.8] 4.5 32 00 
B 568) | Badger Hominy Heed. cc. jcscccrssecseeeerece Jamestown........... 10.0 | 10.8) 6.1] 4.8 32 00 
BiG6s, | Badger Hominy, Weed. a2 aeicrrs 21 oe sinc ois «cis ererale Adrian'Scccssvee snes 9.7) 10.3 | 8.0] 4.0 30 00 
IAVETABC oc dare eee 9.7 | 11:05) G27 | 4234) Someeeee 
CORN FEED MEAL. 
Beck Cereal Co., Detroit, Mich. 
ba COM BRO seed openollnces lisa sestaee 
B 281 Goarse Meal: Jo sticttece teteaeie oars) eroare tint, eee Detroit. secre re { FE 1D 2) 29505) 4565) Boss $1 45 
Ferdinand Becker, Grand Rapids, Mich. 
‘ 
{ *GQe |\Seeens Tanta eed 175. }| Sheceree 
B462) || Feed: Corn:Meal’s..2 5. dc. scediess oc eee secs cee Grand Rapids... \ *F. | 15.5 | 8.2 | 2.0| 2.5 | $34 00 
Clinton Sugar Refining Co., Clinton, la. 
CE sa eae 200i) 70) )\ 1220 Nearer 
B 666 | Clinton Corn Germ Meal.............---.+ee0 Adriantscc.ssios *F, | 8.5 | 21.3 | 10.2} 8.6) $80 00 
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a , Fe 
Pg - r=) as 8 3 
= a Manufacturer and Trade Name. Sampled at 5 5. is | cg 3 a 
58 al ea) ye 
az S =} 3 = B=) 
s i= a he =I 
A a 20) Os Om eas 
Cheboygan Flour Mill Co., Cheboygan, Mich. | 
{+f Shines SOM a0 Pee Ones. ee 
BGS Seni Corn: Germ Mealy tcc cisters 2 calare oi cisie)ne’aie wave es Cheboygan..... *F. | 15.2 | 10.8) 5.4) 4:8 $1 70 
Commercial Milling Co., Detroit, Mich. 
il a eas aay lei cio (Gensel ie pace eae Bere 
FSO tae |e Cormeh eal: mn Sucpeiaree c/.e esc itace ciaicie eracemionnte Meets Detroite. cscs FEE elo ia ONO RSS (Sa etare $1 55 
BGs |Racdeiae BES) cece. BARE Asean 
B 892 | Henkels Coarse Feed Corn Meal................ | Rochester...... SO ae i260 tet 2 00 
Darrah Milling Co., Big Rapids, Mich. 
| { bc Oa bate SES! |i 2ar herds Salle a. eae 
Bo9a) eUnbolted (Corn Meal’. oc. cecesce eces crevtare seis | Big Rapids..... eH 1223) 895" 2251) 233 gah 100 
Grand Rapids Grain & Milling Co., 
Grand Rapids, Mich. 
Ba ea cterel| cree miei cineie lier ere all not eee 
BAgl Coarse Corn Meal) wa cicdc co dlecleaseomres cicces aces Grand Rapids... { SE. Ne O20) LOPS Ih coed le Onan eres 00 
Hankey Milling Co., Petoskey, Mich. | 
{ SG lle kao OF Tay Okan |e aeons eres 
Bal OSS seed’ Meal ss vaseline ssid ap odlsrecewa Serrtiotees os Petoskey....... *F. | 12.8] 8.6 | 3.3 | 2.3] $33 00 
| Henderson Milling Co., Grand Rapids, Mich. 
, (Rich ree Seay Oo Wada 
Baste Coarse Corn(Mealts, s2c2snonacenceeneoewen ee Grand Rapids... | *F. | 13.8 | 7.4 | 2.4 | 1.2 | $30 50 
} 
| A. Hyde & Son, Grand Rapids, Mich. | 
| (‘g saree Se |e OU a Dye) ae 
B487 | CoarseCorn Meal...............2+-+%+ POOORL a: Grand Rapids... | *F. | 15.8 | 7.6 |...... | 1.6 | $32 00 
| aapeut 
King Milling Co., Lowell, Mich. 
{ FQN eae SON Gee |) Ona 
er Baer eR Orn MEAL Se oe se tals toss exctorsto| nove cie\cierece ae Lowell’... s..<-< Fa LOSS) Sed eS Shilo Aol so onun) 
Saginaw Milling Co., Saginaw, Mich. 
SiGe NER Serer e aera |'s cersees | Seema 
B 45 Coarse! Meal yr airc. cicersiicctreicteetierts asuitcn ae Saginaw........ a 11.3 | 9.0] 3.0} 2.2} $3100 
Beir Wear Mad yr dses ions ety eee toatl a Highland....... Si ae cal CR ALCS ae or ee 
Scheuren & Mok, Detroit, Mich. | 
Se eee ore | weer eae lesa ME | Ms Meno 
Biel cam bine Cracked Cori, s.)sis1acicie)> oles enti ieiatclaicleoe aes Detroit......... { SS 1G 2 | Occleswen- | 1.2 $1 60 
| | 
Wolcott Grain Co., Saginaw, Mich. 
aes” fi Bd aes ae os Ree 
B 68 Nos Coarse ssc nea nents ats nd tacos cules Saginaw........ eo 11.0} 9.5) 3.5) 4.0 $1 70 
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eee || 
28 Manufacturer and Trade Name. 
58 
2a 
A ————- 
ANIMAL BY-PRODUCTS. 
Ann Arbor Abattoir Co., Ann Arbor, Mich. 
B776 | Three A Blood & Bone Meal.................- 
Armour & Co., Chicago, Ill. 
BisGijeu| Armour Meat Meal. jenjen ce tewantenre cicie lets 
Li Giik [Wnt niu CALS spacqasaespaanDodesAne 
Darling & Co., Chicago, lil. 
B 349 | Darling’s60% Digester Tankage............... 
B617 | Darling’s 60% Digester Tankage.............. 
B 898 | Darling’s Granulated Bone.................-- 
B49 Darling’s High Protein Meat Scraps........... 
B108 | Darling’s High Protein Meat Scraps........... 
B 142 Darling’s High Protein Meat Scraps........... 
B 248 | Darling’s High Protein Meat Scraps........... 
B417 | Darling’s High Protein Meat Scraps........... 
B 828 | Darling's High Protein Meat Scraps........... 
B50 Darling’s Standard Meat Scraps............... 
B 145 | Darling’s Standard Meat Scraps............... 
Hales & Edwards, Chicago, III. 
B41 ||| Red'Comb.Meat/Scraps: . io... ceecesepeces eee 
E. Rauh & Sons Animal Feed Co., 
Indianapolis, Ind. 
Bi643y )| awh's Meat Wakes) .cccteiesackcicictsisteeaeicienis 
Scheuren & Mok, Detroit, Mich. 
B3i0) "| Ground’ Meat Scrapsyci.<.ec cesiiewls emer oreiee 
Swift & Co., Chicago, !Il. 
B57 Swift's Pure Meat Meal..................-... 
B 87 Swift’s Pure Beef WEE Dorie grckinios tao spaced 
BA26 yi Swithis! Meat Scraps. o1.- cs. sire seats veneers 
B 422 | Swift's Meat Scraps. ..0.. 2.2 se se cces oerenciels 
B122 | Swift’s Pure Digester Tankage..............-- 
B 347 | Swift’s Pure Digester Tankage...............- 
B 632 | Swift's Pure Digester Tankage................ 
Thoman Milling Co., Lansing, Mich. 
B656 | Thoman Milling Co., Digester Tankage........ 


Sampled at 

*G 

Ann Arbor...... { “Fh. 
eG: 

Nilesiiasheyscces iis 
Coopersville.......... 
Average. oc sscmcee 
2G. 

Nilesi titanic. { pal 
Ypsilanti: sec accom 
AVETARGS -iicfes elon 

dey 

INATER OR So seni =H. 

*G 

Saginaw........ Shs 
Benton Harbor........ 
TANS NOS crc cies eaoenen 
JaCkKSOnte pee ee 
Grand Rapids......... 
Portiuronh eee eer 
IAVETAZO acinar 

*G 

Saginaw... oo... { ie OF 
To BDSIN Eeyore teraisiecotecste 
AV ERAL On aracastecolets 

fe *q, 

Lansing........ { ial Or 

*G 

sRrentomeer.ecar { Shy 
allie Gr 
Detroit......... { bade 
*G. 

Saginaw.......- te 
ACh 

Bay City... - ad ike 
*G; 

TANS ae *P. 
Grand Rapids........ 
AV EAD CY /aciiematene 
Lansing’........ *G: 
val Or, 
Naeger. eiaitce saree eta 
Dundes. 4) sscec.c~ oles 
AVOLABG seawteos salen 

{ *G; 

| North Adams... | *F. 


*Abbreviations for Guaranteed and Found. 


g : 
3 ; ° 
o g = £ aes 
8 | S| an eee 
aed es) ae! as] Oo, 
() 2 2 = 3 
= 5 iS) tS) 2) 
heetee 40°00). ooo Cosa elfveeeeeee 
6.2 | 42.4) 7.7 1.8 | $35 00 
Serine 60:0. | -6.0") “220)|Seeeaeee 
7.7 | 67.6 | 10.5 133 $2 50 
7.5 | 64.4 | 10.1 2a 60 00 
7.6 | 66.0 | 10.3 17 ase 
yoietetare 60:05), 4035)i> a50 ll ae 
8.7 | 60.1 6.9 2.0 $2 60 
10.3 | 60.6 6.3 2.3 2 75 
9.5 | 60.4] 6.6 22" |hstvaeeeene 
taps eyhe 2020) |, 92510) sec. On | een 
6.7 | 25.3 Qe |) 1080 $2 75 
Bicones 50-0) |) *.0.5)3|| sa sOm) seen 
Gel | 57.541, 1830) 236 $62 00 
6.3 | 57.3 8.4 2.4 3 25 
6.6 | 56.8 | 8.1 2.8 3 00 
7.3 | 55.6 Chest 2.8 2 85 
2153-9) Sal 3.3 70 00 
7.6 | 54.3 SO ezat 3 10 
6.8 | 55.9 6.1 PRM ete a3 
Be crs 45.0}. 025: “S10 genes 
7.1 | 52.3 6.8 2.9 $6) 00 
7.6 | 49.6} 5.6] 4.3 2 79 
74-5107. 9622519 3.60 teen 
Seine 13,00) (4:0) 58-0 eee 
0.1 | 1627) 45088 $2 05 
APC 80:.0',| «isco cll tects Bee 
8.1 | 80.9 | 10.1 0.4 $3 75 
Be ae 45 50°) 10.05): fecha eenee 
6.6 | 49.1 | 10.8 2.2 $3 00 
eettis 46.0 | 10.0 60 i4| Veet 
6.5 | 52.2] 9.4) 0.8 $3 20 
"6.3 | 48.6 | 5.6) (Gaiam 3 00 
Shel Pcata 50.0) |) 8.00) 43505 Beene 
6.1 | 55.9 | 10.4 Paar 55 00 
6.5 | 53.8 | 11.5 1.8 CO 090 
6:37] 54/9") 1108)" 2e30 ee eee 
ere huate 60.0: | (6:05), (S208) eae 
5.6 | 61.8 6.6 1.3 $55 00 
6.4 | 60.4 6.5 2.0 2 60 
7.9 | 61.9 | 6.2 1.3 2 75 
6.6 | 61.4 6.4 TB tse aera 
whapeateas SBE OM are foiezseci|arzcekotenell spake maaan 
7.3 | 40.8) 8.0} 9.3 $2 40 
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> 
3 3 Manufacturer and Trade Name. 
& 
BE 
| 
Chicago Feed & Fertilizer Co., Chicago, Ill. 
B9 Magic Brand Digester Tankage................- 
Wuichet Fertilizer Co., Dayton, Ohio. 
AGIs PBbeh Sorapsie. acess ca cndeomaree ee eles oar 
ALFALFA MEAL. 
Albert Dickinson & Co., Chicago, III. 
ores PAUCAlEa Weal)... <tr istyegatciercisteclatein a sic mmeawieie ase we 
GAO A LAER I calla chscteisyara sore tncecicdicoeete oe Nee eccses 
Hale & Edwards, Chicago, III. 
B226 | Red Comb Alfalfa Meal......-o....ccscccecceee 
BAI2 | Red Comb Alfalfa; Meal: o. cc: scescoccececcescles 
Chas. A. Krause Milling Co., Milwaukee, Wis. 
BOA AlialfaiMienles ite tien ccraoaeth cmon ak neces 
Omaha Alfalfa Milling Co., Omaha, Nebraska. 
B73 EN EAV ESN, CEA SR ie re ee OS a 
BO Zee | Alfalfay Meal mt crrcrdlacteisec.s seo carte oer nee 
BOZSS Alfalfa Neal. a. assem scccrientnln oeeree ime 
Prairie State Milling Co., Peoria, III. 
B115 | Greenfield Brand Alfalfa Meal & Molasses........ 
CALF MEALS. 
American Milling Co., Peoria, Ill. 
BD 0Sie9 jp SuereneiCalfuMealh: as sceiecceteciats oh voen ve eaten 
BiLOl7 pe Sucrene Calf Mealciesiopt as ¢ ocureiasevaverors 4 careers: 
Bit213); |; Sucrene! Call) Meal occ circ: scants s cie were stars carson 
Blatchfords Calf Meal Factery, Waukegan, III. 
B10 Blatchfords Quality Calf Meal.................. 
B 24 Blatchfords Quality Calf Meal.................. 
B36 Blatchfords Quality Calf Meal.................. 
B51 Blatchfords Quality Calf Meal.................. 
B 84 Blatchfords Quality Calf Meal.................. 
B88 Blatchfords Quality Calf Meal..................- 
B116 | Blatchfords Quality Calf Meal.................. 


*Abbreviations for Guaranteed and Found. 


Sampled at 


*G. 


Grand Rapids... { *F, 


*G; 

Muskegon Hts. . { “dG 
Port Huron... .. osck.. 
AVERALOS ies snes 
*G. 

dacksonsesencee bd de 
Grand Rapids......... 
AVELSZE) oc. clieten 


* 


T. 


see twee eee 


A 
‘3 

° ° — 

Bel 

A] ins} qe! 

o 

3/818 
Re rots 60.0 6.0 
8.4 | 61.9 5.2 
SeaCnn 50.0 | 11.0 
8.4 | 67.6 | 14.5 
Arctic 12.0 1.0 
9.4 | 12.6 1.5 
HA) | REE Se 
8.2 | 13.6 1.6 
clei wiote 13.5 1.0 
8.5 | 13.2 EZ 
Ceti ee) 1.3 
8.1 | 13.6 io 
Lean ae 14.0 1.0 
Weoulaeo 1.4 
Srehiasere 12.0 1.0 
6.7 | 16.7 1.1 
8.4 | 13.9 1.4 
8.8 | 13.9 ea 
8.0 | 14.8 153 
Devaevere 10.0 0.5 
Tao E1258 0.5 
Sfatars sais 20.0 4.0 
10.4 | 19.3 3.1 
10.6 | 18.8 3.4 
8.9 | 20.6 3.7 
10.0 | 19.6 3.4 
seats 24.0} 5.0 
CP ale oy f §.2 
8:3! | 25.0 6.5 
9.0 | 24.5 5.1 
8.7 | 24.6 on 
Wee \l2ane 5.1 
7.6 | 26.6 5.6 
9.4 | 24.2 6.6 
8.6 | 25.1 5.6 


alee 
Cae 
5 26 
Oo [a0 
SeGnlGhs wee 
2.2| §2 69 
Pe Onl ace 
0.9| $65 00 
9b: Oot seas es 
31.9 | $29 09 
26.6| 180 
prac a (pea 
Ou. (ws oes 
32.2 | $1 40 
31.6 | 28 00 
via || Seen 
BONO eyes 
29.1 | $50 00 
BOO Agee ae 
29.9 | $1 75 
Cen |e 
29.9 | 31 00 
Pte alert 
SB:Onih os, 
18.0 | $1 40 
CAEL NR cee 
3.31 $3 20 
10.5 | 72 00 
8.5 3 60 
a Gina eae 
GSN ceca 
6.1 | $3 50 
7.9 3 50 
6.9 4 00 
6.2| 58 00 
5.8 3 50 
6.7 4 00 
6.2 3 50 
Cail Se 
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Laboratory 
number 


| 


B 1037 


B 358 
B 750 
B.940 
B 1033 


B 163 


B 649 


B 276 
B 1309 


Manufacturer and Trade Name. 


Hales & Edwards, Chicago, Ill. 
Red 'Horn'Calf Mealit siiccteceiaes.t1e cies cacisretclorts 
J.C. Martin, Mineral Point, Wis. 


Martin's'Calf Meal: .5.cfoo2 sees <ine,s cleric eles 
Martins. alto Meal ann, ctelote store vietereiclets!=teteisistnre/ereter 
Martin's) Calf Meal sate. ireetsis crete slarenisrstetetievere leit 
Martin's! @alfiMealiseccijeccr steniciseinetiaein es eee 


Quaker Oats Co., Chicago, III. 
Schumacher Calf Meal (2 cc .1... 22c<rscee cco 
Ryde & Co., Chicago, lil. 


Ryde’s Cream Calf Meal............ 
Ryde’s Cream Calf Meal.......... 

Ryde’s Cream Calf Meal 
Ryde’s Cream Calf Meal 


F. 1. Williams & Son, North Adams, Mich. 


William’s Calf Meal 


HOG MEALS. 
American Milling Co., Peoria, Ill. 


Sucrene Hog Meal jocc cc ste cre oo cincve cleiectesieeeie 
Suerene Hoe Meal? 55s Oh So tac cae oeteiarteiioeters 


Blatchfords Calf Meal Factory, Waukegan, Ill. 


Blatchford’s Pig Meal...............+- eerie tes 
Blatchtord’siPig Meal) emer <trsiereci 1s serselerei eke 
Blatehford!sibig Mrealcecni sere icterreiere eveiereenantetere 
Blatchfordisse1e MMe ss teyere micietetelesoraieyoyelsi=\elelevearors 
Blatchtord's Pig Mealy. 5 cere crests ciep ale - sie 'es2)ete1= ate 
Blatchford’s: big (Weal>. ci cccclcntoc sisicieis:s cisciavsce 


Corn Products Refining Co., New York, N.Y. 


DiamondiHog Mealevs. fae. vs.-bastite isisieeiel- pe/sers 
Diamond! HogsMeal. 7% oc: 0.cce 6c iere.2 50's aterm crssetm corre 


Quaker Oats Co., Chicago, Ill. 


Barley Feed 
Barley Feed 


ee ee ee 


Sampled at 

*Gs 

Charlevoix...... \ *F. 
*q. 

ING eg o/c svoracd, == Ans 
Hioughtone-.ya.ce ee 
UnioniCityn-ccsen cee 
Traverse City........-. 
Averages..sc. deine 
*q. 

Howells... 5)... (9 


Saginaw........ 


Jackson........... 


Moisture. 


| Crude protein. 


| Crude fat. 


| Crude fiber. 


ADWOIADWN 
Aowmnnaonowoe 


*Abbreviations for Guaranteed and Found. 


Price per ton 
or cwt. 


se ewe eee 
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| 
a etek: 
2 ke . 2 3 5 E 
28 Manufacturer and Trade Name. Sampled at E 5 & iS 35 
EE 2/2/2/2) 288 
| = = 6) 6) 16) Ay 
DAIRY FEEDS. | 
American Milling Co., Peoria, Ill. 
eG ees O01) 3.50) el ence 
EPL OA IPATAC OM At AK EE ce oe leleitatets ere eixiete! acetate slejstelsiot e's) Howell... jas. AR: | OF AOL |) 8-50 Corsa ees Lue 
TO IPAINCG! Rati Maker cet priate rierd sleleisiiele sieieives late Niles?) hetace cote ee rleeteen) d0ca | one. |) LOE: 1 45 
1 GN) |) Ont OE RIM EN teh 8 con okeoconbogudenanocangos IMiOnYOe Ho nraasaiee estos 11.2) 11.3) 4.5] 9.8} 25 00 
EeSUa we ieAmeottat iM akGbsncehic cece eee te ce.cislele syaiclels Perry secret ost | 8.6 | 11.4} 5.0 | 12.5 | 26 50 
AVENABC. oo0c0<dees | 9205) 1029) 4520\ 10:4 ca. 
ieee rs 1626 lea 5 lhe) Ine eae 
Bil Sucrene tb) amy; Weedaetccae'necte cotevesiaa ce on alata axe Owosso.......-. CRS 6.80 lGcOui 4-5) e2020 $1 20 
BSG w | onerene )sirys Reed sc). cieie.e clolclate.c-cle felt «:ainis ele’ iorlnle ISBUTTN22 = bee onobecarr | 8.5 | 18.1 | 4.8 | 12.6 | 26 00 
460" |sSucrene Dairy; Peed «cjc.c.0. c= sistem ww ces o ote e oc Grand Rapids......... OFA AOA GOs LSE Soc. verre 
B49 le Sucrene Datryr heed. s. ce cicenie c's sieje.s.cecloarninteiote Grantville scscmemeectee 10.8 | 19.4} 6.5 | 12.1 28.00 
BalOe leoucrence airy: Weed mn cnince c\ncccle micliele oiclevee/%e ea rie, Nimes = s.ccareseewies CJC Vi by fee: Ba Dene PF ef | 28 00 
Boye |e Sucrene! Dairy: Heed vecestele. Aen elara)e'- ace <cieie miata Zeeland’.....025.-s5005 10.2! 16.1 | 5.4 | 12.1 27 00 
EV SU2ur ly OucrEne Dairyy heed acco. c eclectic ee viele eines Perryiteaacucle toning +s Sip (178i) 525 | 1420 26 50 
B1298)|, Sucrene Dairy Peed). ..scecl2scee owe oe ee rr Battle Creek.......... 8.7 | 18.3 | 6.6) 9.5 | 33 00 
ASVET AEC Sora avsiele afeiois CDEC 0 by at ol aS PE Al oe See 
Arcady Farms Milling Co., Chicago, Ill. 
I fi Coal ae TGO) |) SebnlaeOh leeeree ae 
B21 ready DairyeWeed cc ache cisco sisteiecs vere soe es Owosso!.-22..-% ARS Ose 192 One 3S) loco | $1 35 
Bct03-uwArcady Dairy: Weed scree. tsi = syapsieieivore 01s © oie) o10 A Benton Harbor........ 9.2) 16.4] 4.3 | 12.8 1 50 
i220 | Aread ya acy, eed sae wets cteieievcscisiclese's'-'3lele oisiola\e <i DACKSODE oc iszeresare sre fern 10.2 | 14.4] 3.9 | 12.4 | 1 45 
Bi4GsealeArcadysDairyelleed sae <cccctectera ofa velels 2 ereieicin oieloiai Grand Rapids......... 9.4 | 16.0] 4.3 | 12.7 | 28 00 
Average.........-. [Ol Teper ao dil 1250) '2.sn06 8: 
: Ce ears 1870 C25. || 15.062 ees = 
B109 ! Arcady Certified Dairy Feed.................... Pansing. . 6.0 FE. Sil 2452026: 15.4 $1 40 
B 320 j{ Arcady Certified Dairy Feed...................- Deirotisicenesss seme: 7290165 aon) to 1 35 
B503 | Aready Certified Dairy Feed...............-.... Coopersville.......... 8.8 | 16.6! 4.6 | 14.7 26 00 
AVEFAGO! ccs acces toss dg hse Ea FE ee Ce ee oe 
J.J. Badenoch Co., Chicago, Ill. 
CE cares 1OEOR 0! bal eo Ol meter ieee 
B 1257 | Kumboss Dairy Feed.............2.02+2-eeeee- Paw Paw....... *F, | 10.9 | 13.2 0.7 | 18.0 $1 50 
Blatchfords Calf Meal Factory, Waukegan, Ill. 
{ae pe Malas a AGT SET) BR) EN 
B765 | Blatchford’s Dairy Meal with Alfalfa............ Marquette...... SH 9518) 19960) > 520) dee $1 80 
Bad Axe Grain Co., Bad Axe, Mich. 
es Mee aen LOSS 5] Po O Lob 2 eee cers 
BiSGSui || Molasses Mee < lor cicre'slelere's cts + iow iviabocteleiel steels eis Bad Axe. ii. a. JOE IN BPA Ney |) BLE I alas 8: $1 10 
BOO te |ehlolassessM eed peers svele ais omie'ci Arts AG, Nore. dielece tose aioe StaClainsowee com cect eeOeial S15 28el se OM|ndons 1 65 
Average........... B71 1.001 Bee ee Tee a aces 
Chapin & Co., Hammond, Ind. 
: [has ¢ a heer Ra cs fe ee 
B20 jsUmeorn Dairy Ration: oss +2 stactesioc cies ea oiays Mason ccc ssc \*F. | 7.2 | 28.0} 6.2.) 10.6 $1 80 
BAGS = Unicorn airy hatOns. a sn-i seironcie ste cas ania towels cote anes 1. 64-26.8 6.3 | _929 34 00 
B59 Wnicorn: Dairy Rationent sc. o es oa oer tere clas oe DAPINAW i: srercceniietds ays 6265/2860) i725) | Ole 1 80 
B 26 Unicorn Dairy Ravions: « .on).5.010 sie miasicts oe ce ass Mit. Pleasant..2.......- 7-37-26. beat | L0-0 32 00 
IAVEUARC rca 3 <tenee | Weme | Pals4a| seOecale LOka! |e seins 'ele 
FGot| Stee 16.5 BAO Web2e Online s-nncass 
Bag. sdsactola Dairy Mead & aancsyenieles fc 2 teeter «ines = Lansing........ Fe 7 Sally 4e| erat On LOLs: $1 30 
BEL Oe wlsaciolath aryl COUee, gs tciecnscieise wisicie tio'ele ocore rales ate Hiowellisy sss aan sic sie TS Use ae le Os|o 0 28 00 
BiG5p. || actola Dairy Weed oo. ce ciiae oc cles sc ss oc e sewete North Adams......... 1027, 151633" |). 2.6 ||" (8.6 1 35 
By7s5 oi ebractola Dairy Mepticnas cea cis cfee ocninae a ometeoin a= Ontonagon........... 10263 S14 Bie aot) Tee 1 65 
a1 206" | actola Dairy Reed: oi. « cece merle visti icles clossie ce Battle Creek.......... 8.4 | 19.0} 3.0] 9.7 27 00 
AVON AGO! 5 ccrcsleles LOSS USE| Zeon Dat ete ciaa10'= 0 


*Abbreviations for Guaranteed and Found. 


number. 


B 201 


B 1232 


B 1274 


B 33 

B 155 
B 446 
B 521 
B 569 


B 447 


B 344 
B 389 
B 585 
B 1259 


B 128 
B 153 
B 215 
B 253 
B 466 
B 490 
B 531 


B70 

B 135 
B 188 
B 606 
B 621 
B 626 
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Manufacturer and Trade Name. 


Albert Dickinson Co., Chicago, III. 


White Cross Stock Feed 
White Cross Stock Feed 


Golden Grain Milling Co., East St. Louis, Ill. 


Golden Grain Dairy Feed. ............000eseees 


Hales & Edwards, Chicago, Ill. 
Red!Horn Dairy Weed ).cn cae sale vie Sate eioinioeis enters 


Kellogg Toasted Corn Flakes Co., 
Battle Creek, Mich. 


Hnvineible: Dairy; Meedeecsncmennki seis ceinaseeere 
Chas. A. Krause Milling Co., Milwaukee, Wis. 


Badger Dairy Feed 
Badger Dairy F eediqos-tacasinh sean uivereuie cesses 
Badger Dairy Feed 
Badger’ Dairy Peed! ks caes tae cn cistaccee cence 
Badger Dairy Feed 


Badger Evergreen Feed............2--e+-eeeeees 


Badger StockiMeed <2 s/acGcles csiieits ot peweissntrse 
Badger Stock Feed. ........ccccecseeee Hasemerss 
Badger'Stock Weed sir .jsratinecaeiciste oeteiem eilemvitioce 
Badger Stock Feed 


i re ic) 


Larrowe Milling Co., Detroit, Mich. 


Varro Reeds occ cncle samlesteere ee ioston cacameetees 
Larro-Feed 
Larro-Feed 
TeatrO-WeGd et. cic wielcseisie sete ale estovecerslele aiaceis: cas crete avs 
WarrosWeed oso ceie tare raids sridaleitelo seine es 
Larro-Feed : 
Larro-Feed 


Pea er eee i ee 


ee ee i ey 


Lichtenberg & Son, Detroit, Mich. 


Faramel Dairy Feed 
Harameli Dairy iNeed |: ifyhiweeemeremene-ceipe tities 
Haramel Darry Weed 5 (cst ctoersnee a ceri cei 
Raramel)Damyaleed ocrsaqeeriecls eee aitietaeieene 
Faramel Dairy Feed 
Faramel\Dairyateed 22 iic0.).-02 -edentearseen estar 


Sampled at 


Tron River...... 
Paw Paw 


*Gi 

Detroit......... { Aye 
(3 

So. Haven...... od 58 
{ *G: 

Battle Creek.... \ *F. 


Grand Rapids......... 
Forest Grove......... 
Jamestown... .......0. 


Mowarlacen scores eae 
—Greenvillenyaesess cone 
Paw Paw: sets cscierse 


Grand Rapids...... if : 
Grandvilley.c. cesccecs 
DOCANG ::s..0:caeceerens 


Milane: foasescccsecie 


| 

= 

on |aac 

ils 

3 us) 

s | 8 
on ae 10.0 
i ules 
Retna 14.0 
8.3 | 18.6 
eeepaee 16.0 
10.5 | 18.1 
Bae 16.5 
6.8 | 20.9 
eee 16.0 
8.1 | 18.4 
tsa (in hand tf 
858.) ice 
7.7 | 15.9 
8.5 | 16.0 
8.4 | 17.0 
tL eenes 12.0 
15.1 | 10.6 
ee emer Lose 
9.1 8.9 
Sate ln Oat 
9.2 9.9 
8.5 8.8 
8.9 9.4 
ee 19.0 
8.6 | 18.5 
8.1 | 19.9 
9.8 | 21.3 
Chey leila le 
8.3 | 19.9 
9.5 | 21.0 

9-35) 21-80 

9.0 | 20.5 
ee 23.0 
6.9 | 24.1 
8.6 | 24.2 
6.6 | 27.9 
6.8 | 29.5 
9.9 | 25.2 
759) 02657, 
7.8 | 26.3 


*A bbreviations for Guaranteed and Found. 


Crude fat. 


HOO GO tO WOH 
COC ROO 


- 1g 

2 ilies 
‘| tee 
2 | 26 
Se 
10:0) |e apemores 
4.8 $1 65 
1530);|'eeeeee 
uy (day $29 00 
122 0u Seema 
10.6 $1 60 
6:5: |\Geeeesae 
7.1 | $25 00 
15, Oli acces 
12.4 $30 00 
15.0 1 30 
14.2 26 00 
21.7 29 00 
20.0 28 00 
1G .Wig\ ences 
SOLON cies 
18.4 | $26 00 
bP AAU laliprasaco 
14.1 1 60 
11.7 1 60 
9.9 30 00 
11.4 1 65 
LIS Serer 
14.0) careers 
11.6 $1 70 
12.3 1 65 
12.1 1 65 
11.9 1 65 
19.90 | 3300 
12.1 34 00 
11.4 30 00 
11.9) crear 
12.0" | eee 
9.4 $1 75 
8.5 34 00 
12.1 30 00 
10.8 1 85 
9.2 1 60 
9.4 1 75 
O59") \.azsreere 
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375 


Laboratory 
number 


B 833 


B 322 


B 478 


B 157 
 B 1310 
B 542 


B 507 
B 623 
B 647 
B 665 
B 682 
B 724 
B 748 
B710 


B 1205 - 


B 435 
B 1008 


| 


Manufacturer and Trade Name. 


McMorran Milling Co., Port Huron, Mich. 


Protean Feed 


Northern Illinois Cereal Co., Lockport, Ill. 
Berar, ON Ged tire ae sto ele tea teters arts ave sistant 


Omaha Alfalfa Milling Co., Omaha, Nebraska. 


Cream Alfalfa Dairy Feed No. 1 
Cream Alfalfa Dairy Feed No. 1 
Cream Alfalfa Dairy Feed No. 1 
Cream Alfalfa Dairy Feed No. 1 
Cream Alfalfa Dairy Feed No. 1...............-.- 


Cream Alfalfa Dairy Feed No. 


Green Meadow Dairy I'eed 
Green Meadow Dairy Feed. . 
Green Meadow Dairy Feed a 
Green Meadow Dairy Feed...................-- 


Purina Mills Branch, Ralston Purina Co., 
St. Louis, Missouri. 


Protena Dairy Feed 


Quaker Oats Co., Chicago, Ill. 


Blue Ribbon Dairy Feed 
IMaz-All Weed: i: ctspar od o1:5 cole.0 s svels cysisiei sists sfafe cus 
Quaker Dairy Feed with Molasses............... 


Schumacher Stock, Heed: sc). dels cere scice se sons 
Schumacher stock Peed... heise octaves sere ecs 
Schumacher Stock Peedisz)-c:cuac vee aacieec «acts sek 
Schumacher Stock Feed...............0.eeeee0s 
Schumacher Stock Feeds. socks jes seine oe 
Schumacher Stock Feed..:..........e.seeeeeeee 
Schumacher Stock Feed.............00cseeeeees 
Schumacher Stock Feed..........-.c0cceeeeeees 


Ryde & Company, Chicago, III. 
Ryde’s Supreme Molasses Feed................. 


The Sugarine Co., Peoria, III. 


SucoWatiMaker: Vcdcc ok dee tick tdcewtec etienss 
Sco: Mab Makers ssa. 8 aihak cee leo cadre Anteraceine ae 


*Abbreviations for Guaranteed and Found. 


Sampled at g 
a] 
o 
= 
2G eee oe 
Port Huron..... \*ES | 10:3 
| 
FG cenit 
Detroit: sence -' { +R |) 1087 
{ Cou onda 
Saginaw........ She 7.6 
Detroits Seco oes 8.4 
Grand Rapids......... 8.7 
Vrieslandid= .leces tees 8.1 
Teeland emits vec, o theese 8.0 
AVEEARE Wisi siete s > Seis 8.2 
Galea 
Saginaw........ sly Th ees) 
sd Cl ea ie 
Grand Rapids... { *F | 19.1 
Mirteslandls Sc ci-cisitene 15.9 
Reed City... 15.1 
Traverse City... 9.5 
IAVELALO Le castle oe 14.9 
1 
* e |e www ae 
Grand Rapids... { “Ry |) 8.7 
CR leRenots 
Howellsz. yy. 3% Kale 025 
RGA ceca, 
Battle Creek....| *F. | 4.9 
$G las 
Grand Haven... \*F. | 8.6 
SG ieee 
Coopersville....\*F. | 8.2 
Wipsilangi sen aovnccis one 8.9 
JEFOMEN ssw cece ee 2 9.1 
PA rian -kestatelt ete secati eee 9.8 
Mecamseliasssoccecees 9.4 
TronvRiverse.cese cee es 9.2 
FL OUZHTON EG. oo eec os cee 9.5 
Crystal Walls j.n.2 9.2 
AVETAZ Caco ce nereins6 9.2 
AGA. seater 
Kalamazoo..... od Er 
(2G eee 
Grand Rapids... | *F. | 14.1 
Whitecloud........... 11.9 
AV@Page.ins se ese 13.0 


Crude protein. 


bo 


Peet edad 
NUOWwWe Om o 


OISROWS w 


— 


La) 


WN RK OROUM OOM 


Pr peek fa ek pak fh fee fet fet 
WNONDRAONONOHO 


an 
oo 
om 


11.4 


Crude fat. 


now 
wo 


mo 
ao 


SN TS) 
feOOoO=O 


| 


OQoCrRFNDN W 
manor omwo © 


= 
~x 


) 
ou 


CO 08 CY BO GO WO WY OT OT et et Or 0 


Her o> COM COCOO WR ON KOO 


w 
~~ 


Crude fiber. 


me 


DBODNNOOCOOUFFNO Nh 


i=) 
bo 


— et 


— 


NOW woRoDONAUNoNnoe 


> 
oo 


Price per ton 
or ewt. 
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: = = 2 aS a 
a 
Ee j ~ $s 3 5 
2 2 Manufacturer and Trade Name. Sampled at g 5 & 2 
& ~~ o 
ch S12\2lz 
A = 6) 5 6) 
The Sugarine Co., Peoria, IIl—Concluded. 
; ; : if SQoite weer 16.5} 3.5.) 12.0 
B436 | Sugarine Dairy Feed............-cccssececncees Grand Rapids... \ *F. | 10.4 | 18.4 | 5.5 | 14.7 
B5a7:) | Sugarine Dairy: Feeds. cece cine eine oe eee oe Spring Lake.......... 9.6 | 18.5 | 5.3 | 14.8 
B1268 | Sugarine Dairy. Feed... .....503.ccscees. 0000s ce Paw) PAWss..cracemace 8.5 | 18.4] 5.4 | 14.6 
AVEPAZE) hii. Si sae ini 9.5 | 18.4 | 5.4 | 14.7 
Ubiko Milling Co., Cincinnati, Ohio. 
: : ’ { AG |S 24.0} 7.0} 9.0 
B 162 | Biles Ready Dairy Ration..............-.:.+6-- owelleysccearc “F. | 7.6: (24-40) 9 FeO mre 
B 811 | Biles Ready Dairy Ration................-..+- lint: 2 sen oncom 7.3 |. 24.2 | 722) 105 
B927. | Biles Ready Dairy Ration........0...2..:...00. Coldwater: 3. (ene se 8.0 | 23.8| 6.5] 9.8 
Avergre tute 7.6| 24.1] 6.9| 9.7 
Watson Bros., Detroit, Mich. 
{ J Ce 9:3-|) 976) | a220 
Bi919 || PixcelsrorStock WEG 25 erie erere crs sare: io!nyateiasaiole, etelets Detroit... *F.| 0545) “S258 SHniaeeeo 
Western Grain Products Co., Hammond, Indiana. 
i \ oe eens 10:0: |) 2.5) seated 
B 404 | Chicago Alfalfa Horse & Mule Feed.............. Grand Rapids... | *F. | 11.4 | 13.8 | 2.2 | 12.0 
eo Sap ae 16.5°)/ 3255) te0 
8402 |'Hammond Dairy Feed... 2... 6.0.0.0 sree ee ces Grand Rapids... \ *F. | 9.7 | 15.4] 3.6 | 13.8 
B.498, |\Hammond Dairy Feed: .....5.0..5.2008sce<see8 ENISOMS Me es sales 7.4 | 16.7 | 4.9) 11250 
B32") Hammond Wary Need: ace cient sel-ereceltere Peeland » yooh cocci ose 10:9) | 15257 |" Scones 
Bi1288) | Hammond Wary Weed ss f2rce.ce clone) icn se atenier Battle Creek.......... 100) 15.2 |) 520" sites 
Average. © ..4.) 0% .5 935°) 16.7 |» 4.7) | 1222 
HORSE FEEDS. 
American Milling Co., Peoria, Ill. | 
ee ose 10:0 } .2.5.1°1220 
B 638 | Sucrene Horse Feed with Alfalfa................ Monroe........ *F, | 12.4 | 10.6 | 2.9} 9.3 
B911 | Sucrene Horse Feed with Alfalfa................ Mt. Clemens.......... V7.5) (94 O27 aes 
B 1210 | Sucrene Horse Feed with Alfalfa................ Kalamazoo. ........-- 10.9 | 10.2 |+ 3.0 | Set 
AVEragelnt.cc.citerenis 13.6 | 10.17)" (2292 )eOat 
{ bd CEN ae 10.0} 2.5 | 12.0 
B 1013 | Tip Top Alfalfa Horse Feed...............-...-| Fremont....... +H | 15.2) | 9.8.) 2585) 1051 
Arcady Farms Milling Co., Chicago, Ill. : 
{ ss Cal sects, 9.0} 1.5 | 12.0 
B438) al sArcady; Horse Reed ss ese crcielnce toate cet oe ae oe eiee Grand Rapids... | *F. | 9.8 | 10.8 | 1.6 | 14.6 
IB)S79)_ | Arcady; Horse Weed).f2).5 2 82% s-ite. wisietttc teers ote Pontiac: a. joseecen ects 13.0 | 10.9} 1.8} 12.4 
AVERAGE... tee tere 11.4 | 10.9} 1.7 | 13.5 
J. J. Badenoch Co., Chicago, Ill. 
AG kia 10.0} 2.0/) 12. 
BH 258) | \GQlesm Oates &scacctc ote seat ceaaenee Cele iia oer 1 PawsPawecancn. SF} 16215) 1 Ou| a6 aS 
2Gal vee 10.0 2.0 | 12.0 
B 1250 | Grain Gold Horse & Cattle Feed................ PawsPaw. pce: an *F. | 10.2) 10:64 327), 1025 
Albert Dickinson Co., Chicago, Ill. 
AGS | sees 9.0)} 255) ) 158 
i173) _.| Hobby sHorse Need ss cnc bein -citeos eerie aes |e Detrolts. «cass *B.| 9.6 °)12:8:)|| 1281289 
B34 bobby Horse Reeds secs cscs ve taisceisacestee i Grand Haven......... 13-8 \>11.4) | 227i eiies 
Bier 4 Hobby lore ll Ged see cts ors. acie sim ntejsiemetoteteioiorel cle | Muskegon Heights..... 11-7 | 10.8) 1-257) | e9Es 
Bi619) ¢| Hobby Horse Reed * $2.0 event geese ne L Wapsilamitis acts ears } 15.0 |.11.8 |} 2.3 } 10.3 
B.586) | eobby Horse Weed osc stare eyecare nets ore stn ale tee | Royal Oak............ 9.1] 11.9); 2.1 | 11.8 
B 1005: || Hobby: Horse Weeds 22 oss nate cep se ee |i: Holland te 52 ecm 8.9 | T8c ea eee 
B1206 || Hobby Horse Feeds; . a<5.20 donee s or ees eee Kalamazoo........... 9:6 | 11S63)\) 2. 2eiedes 
| Average’.<ijcnciese- >| ge Ta eb be PALS Yo) lia ay] 
| 
| oa 10.0 | 0.5 | 25.0 
B46 | Honeysuckle Feed: - 0.) 02 2. aeemeee ce ve ee caeee Muskegon Hts.. | *F. | 14.4 | 12.3 | 1.2 | 20.0 
ad Cm) ae ee 10.0 2.5 8.0 
B 354 Witte Crosa'Horse Weed i. cc .y.5- sci) < ee osteo Niles, coins *RY) 10.2). 9:52) oes 9 
Bis83 ‘| White Cross Horse Feed’) ....4.5 -0-200+7 +. 2 sae WOwRPIAC 5 aes 11:3 | 9: 23|S8eio) SSr0 
IAVEra2 Oy te dercelat 11.3] OS esro8, Sev 


*Abbreviations for Guaranteed and Found. 


or cwt. 


Price per ton 


see eteee 
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a 
p 3 3 | 8 
: °o Pe os sh 
38 Manufacturer and Trade Name. Sampled at é a 3 | a se 
38 B13 1/8/13] 22 
a3 e. (22 | elie 
3 eA ea eG ae 
| 
Golden Grain Milling Co., East St. Louis, Il. 
{* Batistece | 10.0 2.021912. ON Seas 
Bsi59)" | Ben: Hur, Hore. Reed scasec. 27 sec ae ceiccee oe vices Detroit. 45..% OH (13221) 10.35) wade eeSst | $3500 
B02), |, benieur Horse eed > ic: can.e sys osteo o orsle siniete © oleic Deroitsscesexcatss shee 12 1110-927 2A Ges 35 10 
Average........... 2:2'"10.6 | 2.3) “ssn. 
| 
{ 19. ae: PHU es eel ee ol Preece 
i200) Puritan Horse Reeds... 2 .< os<iciericisiecee eicinia sone Detroit......... *F. | 9.9 | 11.6 | 3.3 | 14.0} $33 10 
B08) | Puritan Horse Feed. 02. occ sclccscicc.e cece ccees IDEM OIE- 35. o. cscs on 9:9: |. 9-1,| 1.7 |-16.3 1 45 
Average:..0:...08s: 9.9 | 10.4 DAD ELA RD | xfars orstetets 
Hales & Edwards, Chicago, III. 
fee ee 10:0: |--3,0-| SiOh | 2. se: 
B355_ | Excelsior Horse Feed.................----+++--- Nilestocose rece SF 10%8, | 112 estou a0 $1 80 
0229 | Excelsior Horse Peed access.) fc ccc ec ese ncteeies SonHaven. ce cceeee- 1 by Ue 0) PEE Tg bees Hae jal i Ua 1 90 
AVetagar. sccacened ALS LOE, S28" | M4 7a eee 
LS ee 10.0} 0.5 | 26.0|.......- 
B 1237 FCENO REGU eciscicmiemiek atlas wi Nema aje area itieee So. Haven...... S27. 2: | 13205) 1056) 145k $1 40 
sGrAleee Haoco | @0:|35.0 1s ee 
B 62 Harvest elorse Weed icc: gists sms eisuste lowiewe coe etne Saginaw........ Vee evepn tee Sel e740) 133 Late 
B36!) || ranvestitorse Heed 0.6 vais esis oles sae ciclo wisie'e a0 Niles: Sauces ee Oot | 10/9) 253") Tes 1 60 
Bi240 0) Harvest Forse Heed ©,5* 3... o<csphwstesivionee ene se || Stas OBODHE sane se ae 15.3.) 11.4 | 1.5 | 14:3 1 40 
Boon arvest ib Orse eed cn.g% + iss s/c eror- vieinvew alae ae Battle Creek.......... 12.3 | 12.1 1.9 | 13.0 32 50 
a 
AVérage:. 2.2 Fecn.nc iO | | 11.8 i betel Ei bs 382 Pe Bs 
cd Cina Ig eae TOO; E225" JOc0 enn 
Bikes upiebiGneerih ead gas one ica sce Satan oot eictas nae melee oe eee nate oe “HE C1OE49 | OeG i A2ere S8e6n, $1.60 
| 
Howard H. Hanks, Chicago, III. 
Sire Weleteer CR) eee 12 Oslere olree 
B 397 Roloieed nik kt eo tion oe setae roapec Nee eotoyeeie eae awtonis.ie on bal ed an PAR) 7.4 1.6 | 10.3 1 80 
SOS | tees 9.0 220) | ISL OMe ce pene 
B:266.. | Kanptalfia HorseiMeed. . 03... joc1 dos ease as ceeceien Jackson’... <0. NFR. 2352 aeons sta i FOre 28 00 
B:208)> || Kingfalfa Horse Weed! 2s:c 54. wayeersie oso octets Detroits..7 casera 19525) UCT |) 5220 2 1.50 
Boil | Kingfalfa Horse Reed’. csa.ccscsss cosscvestacs Niles... estes soe aee 16550) 1S52 te4; | AarS 1 60 
E398 | Kangtalfa-HorseMeed . 56 es.5s cccie ss «<o-0eeeenre eMiA WOME, oct on cts ge oi 18.3 | 10.1] 1.3] 9.8 1 45 
Average........... a ens | ee 
Chas. A. Krause Milling Co., Milwaukee, Wis. 
; i Cee aches 1020") 220 S250 
Bi2ooee (ead ver Harse Need o...< ac exons ose abi acts Detroifie, .. sa. Sil) St40\ ted et S, tae? $1 60 
Basa? 5 Badger Horse Weed ..0<nc als tas vecsucee sonukie Grand Rapids.,....... 9.5 | 10.9] 1.4} 14.4 32 00 
Bioe0:\ebadger Horse Need a8 fossa eaves hes ceee oes Greenville: 3.25 2425608 Ce bs Ua a at a 32 00 
Bit261|tBadper' Horse Reeds. aoccisccceicas aoe nee ss tole PawiPawsnjonsea cons OG i) Cea oa aes 1 65 
Bi 1299: || Badger Horse Feed)22.. 2.3 5...526c0cee tose on Battle Creek.......... 16.3 | 9.8| 1.5 | 13.5 1 75 
Sypris: | oe $056, GAO eae GiB. [cc 
es apo 10.0 pS A eee ote 
Bi916: | Cream City Horse Feed. 22. ..0c060.0s0+0r eee Mt. Clemens....\ *F. | 8.1] 11.9] 0.8 | 12.0 $1 75 
og Tid ied Bed Oe 
Bel228u Derby: Horse Feeds, 053 23.5. saewicc secs oeescne So. Haven...... FP 1a2 Zain eral Leon ee 1 65 
Lichtenberg & Son, Detroit, Mich. | 
{ -g CEN eae 10.0 3.0 B20) lew «epee 
BiSdia| Raramell Horse Feed |. sj. sic e's uv nd aeseceoes Detroit......... *H. 12.4.| 9:1 | 4.07] 7.2 35 00 


“Abbreviations for Guaranteed and Found. 


B 246 
B 429 
B 564 


B 488 Omaha Special Horse & Mule Feed 


| Peerless Alfalmo Horse Feed................04- 
| Peerless Alfalmo Horse Feed..............2000- 
Peerless Alfalmo Horse Feed................00- 
Peerless Alfalmo Horse Feed..............-006- 
Peerless Alfalmo Horse Feed..............-2-+- 
Peerless Alfalmo Horse Feed,.............--++- 
Peerless Alfalmo Horse Feed..............-+-.- 


B 205 


B 203 


B 473 


B 272 
B 456 


B 648 
B 453 


B 541 
B 620 
B 457 
B 662 
B 646 


B 608 


B 231 
B 362 
B 704 
B 747 


Laboratory 
number 


STATE 


Manufacturer and Trade Name. 


Omaha Alfalfa Milling Co., Omaha, Nebraska. 


Al-Corn-O Horse Feed. .....sscccsccccsccscces 
Al-Corn-O Horse Feed: Sos Js cccseccestcnsecs' 
Al-Corn-O Horse Feed 


Perfection Horse Reed. %-./.. csc cisccce secewesss 


M. C. Peters Milling Co., Omaha, Nebraska. 


Peter’s Arab Horse Feed.............--------- 


Beter.a Kani Corns. olamerc ceisins ale sieleie cretetote tale 


Quaker Oats Co., Chicago, Ill. 


Banner Weed. ies doin ccwcieoh tive svisle pie eich asres 
Banner Weeds sccst eacwesce shinee fosstles sates 


Boss Reed 3. sacs ce cep stso oe siciiels Saletenas 
Green Cross Mixed Horse Feed with Molasses... .. 


Green Cross Mixed Horse Feed with Molasses... . . 
Green Cross Mixed Horse Feed with Molasses..... 
Golden Sweet Mule Feed.............-.-..005- 
Horse Power Heed cave a1. s.2/016,<1<10/-/s vise os ola Pape 
Schumacher Special Horse Feed...............- | 


Victor Vead es siiiacerrsn erate tecatels rate cms om) 


White! Diamond Need feces acne oye crete erotic ate 
White Diamond! Peed 2 ser. star cleree siaicis cievetsreter 


White Diamond Feed. 
White Diamond Feed. . 


BOARD OF 


ee 


Sampled at g 
& 
| iC) 
= 
| 
*Geoerses 
Jackson........ { *F. | 10.4 
Grand Rapids......... 22.6 
Muskegon............ 16.6 
Average........... 16.5 
Goal eer es} 
Grand Rapids... od oe eee al 
= Arial rocrarea 
Saginaw........ \*F. | 8.6 | 
JACKBOM. =p acee wees 10.0 
| Grand Rapids......... 9.6 
| Spring Lake.......... 10.4 
| Muskegon. 5.3. <:./0%01'2 15.2 
Amn Arborvscceemeicrene 10.7 
Kalamazoo........... 8.4 
Average.........-. 10.4 
{ *Gisi|'sseons 
Detrottsscsete «.« Sen 020 
* eo lee tees 
Detroitvsncesce { *F. | 9.5 
I SGB yews 
Grand Rapids... | *F. | 8.5 
ei Ce llpaaone 
| Jackson........ { “i. | 658 
| Grand Rapids......... 7.6 
AVCRAGEC.).7.. «+ v.e.c/eie 7.2 
(CO ec: 
Jerome......... SH og e2 
EG. Seana 
Grand Rapids... | *F. | 8.8 
Grand Haven......... 10.3 
Ypalantis cso. see 10.7 
Average..........- 9.9 
bd * jee ween 
Grand Rapids... { id Soya Meme JED: 
| Rs es 
| Adrianscatece al 8.5 
od OD A eee 
I Jeromes.c.acc~ *F. | 10.8 
| i SG estate 
Ann Arbor...... NSE Dig, 
=k © at ORE Rae 
Jackson. ....... { *F 9.6 
Niles. uscctnene eae 9.5 
PISCANADA. s/s te's.<ic-ce teres 10.3 
Houghton,........... 11.3 
AVELARB. co) tee clecisie 10.2 
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| Crude protein. 
| Crude fat. 
Crude fiber. 
Price per ” ; 
or cwt. 


Nee bo 
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RPNNWNRWNNebh 
NRWUIRORKOAIO © 
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379 
ANALYSES OF FEEDING STUFFS FOR 1915-1916.—ContTINUvUED. 
; q ; | 5 a a ate | - = ! ™ 
aq 
> 2 : x3 & 
ss Manufacturer and Trade Name. Sampled at g 5 3 a se 
CARE | 3 o Se ais 
oS 2 so) ro ors Orr 
2A 2 z =e dar 0° 
S =, | OPPS ra 
| <a 
| 
Saginaw Milling Co., Saginaw, Mich. 4. | 
Badan Gronnd Oats) c: $5.13 0ecor op Werandsotwas ecw Saginaw........ CE "9°5"|'i0.9'| “421 |" "924°| "$3300 
Star of the West Milling Co., 
Frankenmuth, Mich. 
{ PGE ite aeee | 8.5 BEGult 6, Oerccrscecis 
EestGnch Special Feeds ccs saw<cleies caidas cost loesinceeilooe. Frankenmuth... | *F. | 11.5 | 9.4] 3.7 | 5.9 1 70 
Wash. Co. Alfalfa Milling Co., 
Fort Calhoun, Nebr. 
(oe avoreleca | 9.0 20! ee Ob-eercte eres 
BS len acOng: HOTSeIN CEM o.o0:c'c ans cise cate ccin.2'elaw vein sree Muskegon...... ZR O86) alt Gh Bey e13e2 30 00 
Western Grain Products Co., 
Hammond, Indiana. 
A6ir lcs 02 OL BS |1B.ONle es eee 
B405 | Hammond Horse Feed...............-..2+--0+- Grand Rapids... \ *F. | 9.8 14.1) 4.4 | 11.4 26 00 
POULTRY FEEDS. | 
Allen Milling Co., Niagara Falls, N.Y. ts 
B773 | Allens Full Nest Growing Chick Food............ Chelsea........ z 12a Awe A Bah, BoB) a3 2 10 
B774_ | Allens Full Nutro Chick Mash...........2.0.005 Chelsea........ z= 10.4 |'16.7 | "3.6 | 7.9 | 220 
B775 | Allens Full Nest Egg Mash for Layers........... Chelsea... ..<.. ae "10.0 | 15.6 | 1.5. 6.8 |e. 
B772 | Allens Full Nest Quality Scratch Food........... Chelseaa ess *P. | 12.8 | 9.6 | 2.2 | 2.4) 195 
| 
Amendt Milling Co., Monroe, Mich. i 
{ od Cl esaone 10.0 2.5 BOs c oceleares 
B 635 Ameo; Chick Weed \.<1.c.ccejosuceciow sites ncreraecte-s Monroe........ og URI ay Pag 9.8 2:5 2.0 1 80 
904 Ambo Chiek Feeds. os. clo cee Gs cee saaseneees Plymouth’ 2.2.5.0. 11.6 | 9.6 2.8 | oO) laoreet 
| AVGFAPO SS I2 shoe 6 ac DLO) “OL 7 2 a7, | ZAOL | 8 sete. 
: ee cieus, OE Altace eer a ieee oo 
Bisel, | AMCOpCratcl: Mead: o\ta.c ne splete se ain s ceed oes Detraits. cs ccc 7H 50225) [59.8 |e2se levee $1 85 
Bigot, |. Amo Seratch: Reed... 65.0 cc.ceccece ace anisewe cows Monroe. =. 2 .cansscceee 1253) |'9367)2 20) ok2 1 69 
Phil | PAMCOMCTAtCH RECH = 08. Fc/crcs-cloeienie ofa ateisl ones este RFCNLON: o> ote aa 11.4 9.8 2.4 2.4 1 85 
Average........... 190 oaa |, Saal eae eee 
(Ee preeinG 15.5 2953) ADO necniccee 
Bigcu ei Ameo wouliry Mash ss sc: i5cctes ccc snee ee ne eae Monroe........ *F. | 10.4 | 19.4) 4.8 (fr Pore 
BiGlt sat AmoO-LOllery MAGA oo. shoutices nee canioes eure DEETICOM Sh cesses 8.6 | 20.9 | 5.07 8.2 $2 25 
Average........... Por eae eee eee 
American Milling Co., Peoria, Ill. ; 
; *Galpocc ah Oy ee Oe id 
B129 | Cluck Cluck Scratch Feed..............20.0200. Lansing......°.. *F. | 12.0 | 9.8 | 3:3 | 2.5 $2 00 
B206 | Cluck Cluck Scratch Feed...............2000ee: Detroiter. cee onetos PGi 927-1) 2.8) ez 33 00 
B 277 | Cluck Cluck Scratch Feed............-c.e-0-00: JACKSON Sco cece se eeat 1126) 8.9) |,-'2:3) ||, 2.8 32 00 
B805 | Cluck Cluck Scratch Feed................--000 ANCES tc ss. cak saab 12205). 925: 225: |). 2:5 2 00 
AVETAGG: ..cccccess EE Se Ob) te cS SSalweeG) |e ts. 
; SG hee. 109) £5 |, GO ec. se. 
B'909 | Sucrene Poultry Mash... 5. ..0.5.00...ccceccnae Uties: 535. S25 *F. | 8.7 | 22.4 | 5.6] 6.8 $1 80 
; WGie. Reason 10.0 aD alee BAW ltcinescie ns 
B G39 | Sucrene Chick Feed...........0cesecccescecsees Monroe........ sR 130k 0 AU 8 ee) (252 33 50 
B78) | Sucrene Chick Feed), 220 fas con 00 vc cee s ceisles ced RoayvallOaksss2sce sens 12:7-|10.3 || 3.2.) -2.4 PLUS 
B 870. | Sucrene Chick Feed: .........0.0.cccseccecsces Farmington........... 1OPQE TOeSe lh asa 2eb 2 25 
MaOis } Stcrene, Chick Need): : dc desis aca as aleiciccniectaey YEMONE's =v cres ea atc 12.3.) 10.6 | 4.2; 2.1 40 00 
Averapel:. sc sual vcs 12.1 | 10.4 | 3.5 Be BANR cases 
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a 
J ae 
% K | : cS ea | 5 2 
ees Manufacturer and Trade Name. Sampled at rs = s SE, se 
a g 3 o ‘o | o a 5 
Sa ‘aoe ag | ees 
4 Ey = ‘s) o is) A 
| 
American Milling Co., Peoria, !!1.—Concluded. 
(ee [Severe as 10.0 | 2255) (5:00 eee 
B 881 | SucreneScratch Feed. .....<....0.-ccessvaceec Birmingham.... | *F. | 12.3 | 10.38 | 2.7); 2.7 $1 95 
B 1212) |(Suerene!ScratchsReedl.cc etre susie = easiest Kalamazoo........... 110.2) 9.6) 2.2] 2.2 1 80 
IAVELSRE), 12's ote leieleveie 11.3%) -10.0)\! (2555) 235 eee 
| | 
Maes Hew 10.0 | 2.5 | 50 3 iegee 
Ba50 ip Lop peratch Moed :5,.c\cs,cc a eiestereratalthelantsleie ee owellini vitae *F lpn Osama | 2.5 $1 90 
Bibles hipshopiscratch Weeds.ncuc sae aeeeccee ten ennee HremoOnte te anetenricte Lele Oy Fall ae-Tef) 38 00 
Bilotoeripweop) scratch heed). ss cecciensas clones Kalamazoo..........- 10.5} 9.9) 4.3] 2.4 1 65 
Average..........- 11.2") 10.3: | 325). 256s eee 
Bad Axe Grain Co., Bad Axe, Mich. 
{ BCS ISE sons 10..2i;| 2270) ALS aie 
BSGiee| pigs brand Poulury Meed ocean ciiesnececenert BadcAxerena ne “FS 1100 Oka es 2alalacee $1 70 
f | 
| 
J. J. Badenoch Co., Chicago, Ill. | 
{y Wee 9.55) 2'-5'-) (SL ON enone 
Bro78 | C-erslav Chicks Reed oh) 7. ots senchecttrtaeeinise netic Belding........ 2K. | 1024 ||, (8208) otal ety 40 00 
BiLO20) |nC-er-laysChivk Weed\: tr. ce ceveestcis eae tare e eietesiote Holland eescas pace 928° |" Sed) e2e7a | eeoae) 38 00 
Average.........++ 10.1 | 9.0°|, 206) 91.00] eae 
{ Wee lenupas 9.5 | 275.) (SRO se aeeere 
Bilt i C-er-layieoultry:Heedssesiicssceie cect Wansingoenesrn AB|1022) 9570) (Zen oes $2 00 
B2075) |iC-er-layzPoultrysheedeccesmcer rience cee cate o Detrowsccenkns oe 105039|. 2051) i Seon meee 33 00 
B49 5 C-er-laysPoultrysteed iver. .-1ccccicis clerics orecheemete JACKSON strates nile ayer 10.2} 9.5 | 2.3) 274 1 75 
BiscOie|nC-er-laysPoultrry, Peed: oar: samen cists cen ierreanies Adrian eaten alin imei 12:9 | (9285) 32005) 3256 | 1 75 
ByO19s | 'C-er-layak oultrysWeed sat. is ccmes oe sieoa nis setcreerece Hollandixe aioe 10545)) SO5Sh sete tars 36 00 
B1247. ||\C-er-lay Poultry Reed aoc: do deco cccce tans cee LES ALE dene doeoan soc 9.8} 10.6 | 3.1] 2.5 2 00 
B1284\C-or-lay Poultry Weed: 2a. «tose eh curaiccciele wiles Battle Creek.......... 1251) 1000) e220 R as 2 00 
B:1246) || C-er-lay Poultry Peed e-c.. 05 dacies eo sie ware eter Paw Pawacsassccstacr 8.4) 13.5 | 4.2 | 6.5 2 00 
Average..........- 10.5: |10:4' |. 320 | Sear 
SGaliteecee 9.5) |) (2250) se52 00 ee seca 
Bili2.)| Daily, Bee Poultry Heed... cc asec acne eee eee Lansing........ "EP | 11.45 10S 2 26a eae $1 90 
*GEalaceee 15.0) |, 450)" 28200 Erreeecre 
B 485 | Eg-a-day Meat Cereal Mash................-0:- Grand Rapids... | *F. | 9.9 -| 15.3 | 4.1] 6.3 44 00 
*Gia| seston 10.0) )|. 2.5) °S200 eaameeee 
B664 | Sunfower Developing Feed...................-5 | Adrian......... *Bs ||| 10.70); $9825 2 silt eon 2 00 
LAC hill a abc 10:0) |! <2850)) S5u00 tae 
Bi484" | Sundower Poultry Weed j..2. 406-1 scrcencceeee Grand Rapids... | *F. | 11.3 | 10.9] 3.0] 3.3 40 00 
B924 | Suntower Poultry Heed... secant. nctese cece sete Milisdaleis.ieerenyeicte 1321) LOSE ross eoeo: 2 10 
BuZsanlesundower Poultry teed mmscissedcemicicien cine cnecte Battle Creek.......... W545) ORO; ||" 227 225 2 10 
Basis. eSunhower Poultry Headset. scceenie seas meee et Marshalll@neeose 5 eer 1315s (0.8) | Astor 2 00 
IAVErAab@. 2s \asiccsce 1252") 10:2) 2.5) | os00 See 
J. C. Barrett, South Bend, Ind. 
es Pivadke 12.0°| 2.0))| @430)\\eeeee 
Brats’ ||) HenolatDryMashesieyecaactic es acisisernlenice cate Nilesieic: hoc *]i Te | WL 32a $2 00 
Blatchfords Calf Meal Factory, Waukegan, Iil. 
(aE Rare 19).0::|, “420: | 1050) Rema 
B113 | Fill-the-Basket Hgg Mash................-..... Lansing........ SR. |) 7290 TORS ia Sa ORs 3 50 
B692 | Fill-the-basket Egg Mash................000e00 Cheboygan........... 9.3 | 18.9] 3.6] 9.8 3 00 
B 878 | Fill-the-basket Egg Mash..................2.00- Pontiacieraencscmtoee ets 8.0] 19.1} 4.9 | 8.6 2 75 
B902 | Fill-the-basket Egg Mash ....................-- Plyanouthon eens. eee 9.2} 18.9) 5.1) 8.4 2 60 
B 929 | Fill-the-basket Egg Mash....................-. Coldwater. .j.00s css 9:85 19518 le tor8 soak 2 00 
Averages oui rvesc ct 8.8") 19400 |) 4254) 8290 eon 
{ SGaiiesenos 20:0)|° 4:0) ) 7.5: |eeeeeee 
B 583 | Blatchford’s Milk Mash.............0.eeecc00ee Greenville...... “F. | 8.7 | 21.3 | 3.8} 4.5 | $80 00 
B693 | Blatchford’s Milk Mash................+eeeeeee Cheboygan........... 9.4 | 21.9} 4.7] 6.6 3 50 
B 877 | Blatchford’s Milk Mash.............0:sseceeees POntiaGac ccs tachioer 8.2 | 19.8) 4.3} 6.9 3 15 
B903 | Blatchford’s Milk Mash.............0.ccecceces Plymouth? . i s.ncecees 8.5 | 20.0} 4.3] 6.3 3 50 
Average........... 827) || 2050 4237) (GMa perme 
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a s 
> s } < = . 5 2 
£5 Manufacturer and Trade Name. Sampled at 5 a 3 = S 5 
84 Sole ble 8 ol Sonate 
ae | S Z| 2 = ‘ae 
4 | = Sao ‘S) cv 
pa eee == 
W. Boardman, Benton Harbor, Mich. | 
(oe Qahiehels 10.0 Qe On tac es 
B 1243 | Success Scratch Feed... .........ceeceeesvecoes Benton Harbor.. | *F. | 14.0} 9.8 | 1.5 | 3.0 $1 90 
H. P. Boehm, Benton Harbor, Mich. 
: eG ll steacs 1O28b e323: paotes ereteaar 
B 1241 | Champion Mills Star Chick Feed................ | Benton Harbor.. | *F. | 16.6 | 8.9 |...... | 3.4 2 00 
W. J. Byrnes & Co., Chicago, Ill. | 
ad Oh ee LO) aw GO Gaon 
i549) lisDaisy: Chick. Need !i.v5..15)q.kacre ae siyersiete siaysieisiesa’s ae ® Muskegon...... SE 20 | Slle8) ee oe se aes 40 00 
AG lees 9.5 2.5 AON ee ceer eres 
Bone | veweliPoultry, Peed <x. cie erasers ce coe ne Neier ornare Muskegon...... SH) 10M MOM | 25s le 226 34 00 
"Ger lieece. 1050923201) “BIOS oeesael 
Boole | Royall Poultry. Peed sayttcwieis;sioiis/eic)s eve « sieicle seate Muskegon...... SHS EUES 1OR2s Pe 2e8ele 2.4 35 00 
Callam Milling Co., Saginaw, Mich. 
{ FG eae QOH 350) hea On ie acters 
Bis4on |PBOb White Poultry MeGd ore rm sravaleiseiscrete' ale ors’ ciciatelltaaieteis wiersicielcress wisie “| 15.2-| 9.6) 1.5)| 320 1 95 
Caughey Jossman & Co., Detroit, Mich. | 
(2Gr shat P1539 S24 | Suthers 
B87 LOCC Baby Chick Reed creje.s acc cisisiselclsitalere vie ecnleis le Detrorb-esae snes VERS | LOS) L089") 2245) 228 1 80 
Besoin GW Babyz Chick Meee rice ce ctcerisietsiere elerer= Rochesterse<seaes oes TOSS LON Teo as lero Ol lie cerita 
Average.........+- eae eee wl ee 
(s Ree Ory |) BLN Broyles 
B28 60a) OCC Scrateh Need so. 5.5.01 <jer0.siarsjo% w1syeioreis «/=)sin(eieye Detroit......... eRe e nies a Se Ones nm SlesD 
B 890 | CCC Scratch Feed.......... getete aca nia acovarsrarerttevarernts Riochesterer. = faterc-srcc'eis Psa 2) aeaeOn ase: 2 00 
BO ne POC Ciperatel: Peed soi cp o:crste ate ctstarelste sictetsls.aretolers Oxforditiissuecinenseies Leone LOSSy eee ek 2 00 
AVerag@>.)..j.heacce 11.9 | 10:9). 928: |) Beat 
Cereal Mills Co., Wausau, Wis. 
{ SG. \leabeets 9.0 2.0 Bic Or Wee acres 
B14: 4||Cemco, Hen Heed <<. stasjerewrersinerstsreie syaere s/o esas’ Crystal Falls.... | *F. | 11.3 | 9.1} 2.6] 2.6 $2 25 
Cheboygan Flour Mill Co., Cheboygan, Mich. 
{ SGualnee cee GAO Se OMe Ol ere rerercters 
B 690 | Highland Scratch Feed................--.00-0-- Cheboygan..... SR t2 le OL 9Orin soeObie a9 2 00 
Commercial Milling Co., Detroit, Mich. | 
bl @ cul (ee OOF ates 4 Os levateraral< ate 
B 192) |\ Henkel’s Poultry Needs 0.02... -scccscnccwcecsee |) Detroits.casscss RE TG One| or L ie WO 34 00 
The C. E. De Puy Co., Pontiac, Mich. 
9G eS wes. BiSe les. DBM otecasere 
B 872 | Peerless Scratch Feed......... edicelarTaaaseneaws Pontiacs oye. ep 10.6 ae Solaleeaet 1 65 
edi [ec ateretabe - BAO), |e cvecaratel etererayaete 
IB Site ait MICbOL CMICK PEG cee sam crareicses care etelelslele @ © colt cere Pontiac........ AR S16) | LOS 220 e240 1 80 
The Albert Dickinson Co., Chicago, III. 
(6 | eee TON) 20 Se ON ns wees 
B 352 | Colonial Developing Feed...............02ee00: Niles Sen Sera oee Se a POs sete |) aha 2 25 
PGS Seeectate 10.0; 2.5 Dl ee Aaneectons 
Bias) | Crescent Chick Feed. ..ij00 - cejac0eevesiccecsers Ontonagon...... USE Sy | SLOLON TOR Ts aze2ais 202 3 00 
B742 | Crescent Chick Feed................. Blais ohaisinyls | aeht Ons seine: 12502 as Oy 4. eae E250 2 00 
Bi92a) | (Crescent! Chick Feed) oy: cis sics00.5 caccieie vis aweste Hillsdale’. ss:nscoe nce POSTON ssa) 24 2 25 
Average........... oe MI UP Ghee acl er Ne eee 
araeor | tee 
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Laboratory 
number 


Manufacturer and Trade Name. 


The Albert Dickinson Co., Chicago, I1l.—Concluded. 


B25 » | Globe: Chick*Meed = sacche weve cles'sactlewiteeineceins 
Bi650" (| ‘Globe! Chitk Read: .1soncte nace samanocesen: 
BipG1: ||-Glohe:Chick Peedi. ccs aniocctecausitene eine eer 
B88755)| Globe Chick Needs: fewktios -ecte om ces nee sees 
Bi1208)3|uGlobe' Chick Weed ?:i2.... fst «esis cent cee cecineees 
BSG05|'Globe Chick: Weed -,./:5.2¢ sacs soreroteniee cecal 
| 
B651 | Globe Developing Feed 225.25 i sae po oe oe soci 
B 1003 | Globe Developing Feed..................-2-0: 
B71 Globe Beg! Mashis inc. bes cite icenitnoeeacaee' 
B07) | (Globe Wee asl aeons ir aiterele tele tae er ielaleiviele clei 
5:290' "| Globe/bee' Mash: os cbse ob pee amamenereden 
B767 | Globe Weg Mash? vo 20 0 - v2 ai.) weseies cle idee one 
Bi138<0| cGloheSeratchMeeds.-.-ee ee eee eee ee 
Baz79 "| Globe Scratch Weeds so. o)rccisiesieicia ats cle sjereia eee 
B 288) iGlobeiSorateh Weedin. == scee actos eae epee 5 
B426 | Globe Scratch*Weed....5 2 .dceec cise s ooo seie vine 
B819. || Pine Tree(Chick Peed. ove. cassie sonnet 
B139:. || ‘Pine ‘Eree'Scratch Feed ...2. cc ce ssuee meeceacos 
Bas2 | Pine Tree Scratch Feed... 5 ).jss.cccc0 secs en 
B 425 | Pine ‘Tree Scratch Weed i: 2.03.5. 6 sisjeic c's» sre nisin cies 
B 565. | Pine‘Tree Scratch Wesd 2. 22/55: 102-2 te esses 
Bi209: \|Pine Tree Scratch Weed 3.52. oe sce. meee ae 
18;400 "|, (Riyal Scratch: Feed ..5 Syesactse = sae tcicines nels 
B427 | RivalScratch Feed......................-2---- 
| 
B175. | White Gross'Chick Meedice.cnecis ae nae sinless 
B16 | White Cross Scratch Feed.............2-0ee000- 
B172 | White Cross Scratch Feed...............-- Pasion 
B 218 | White Cross Scratch Feed...............2--000 
B 240 | White Cross Scratch Feed............-..0-.-00- 
B307 | White Cross Scratch Feed..............+2eee0- 
B 420 | White Cross Scratch Feed....... en seen eee 
B 1265 | White Cross Scratch Feed............-.0eeeeee: 
Grand Rapids Grain & Milling Co., 
Grand Rapids, Mich. 
B471 | Purity Scratch Feed............... an ae ee 
B40214|(Pirity Scratch Need ..,....0-4- ste ciceeeckinastareecs 


| 


| Sampled at 


*G 
ID ebrOlts cesses rr. 
North Adams......... 
Adrian; <i cecsaeeos 
RoyalOak; -cccxccess 
Kalamazoo. ; fcc cece 
Battle Creek.......... 
AVETARE: ow rn ohicioae 
*G. 
North Adams... { 0 
iolland27.-sceceee es 
Average! c.5 <0 
*q. 
Saginaw........ { 7K: 
Benton Harbor........ 
Detroit Aon densa | 
Marquette: 3% o2..\1. 234: 
Average: +. nccstae 
AG: 
Tiansing..- 4. { *F, 
Detroits..- cose sceeee 
Wetroib, dssecewee clos es 
Grand Rapids......... 
Averages. tie uss: 
*G 
1 OE ee eee bd OF 
*G. 
Lansing........ ek: 
DOWAPIAC woes anes 
Grand Rapids......... 
Muskegon..........-. 
Kalamazoos. ise 
AVEDrSde: >. Nuts cosa 
+. 
Kalamazoo..... { die 
Grand Rapids......... 
Average........... 
2G: 
Detrow: 2. . oec.c% Ate 
: *G. 
Owosso......... fl Oe 
Detroit eens aa ee 
MASON ilira% cecicciorere 
JACKSON: « .ssasreretae aes 
DetrOlbicscercie.c cvesceraoct 
Grand Rapids......... 
RW PAW ict asec eee scm 
Average... oes ses 
*G. 
Mill Creek...... *F. 
Grand Rapids,........ 
AVETELOL Seainewcr cs 


*Abbr 


eviations for Guaranteed and Found. 


Moisture. 


seen 


g 
‘3 y [=] 
ei Fal iat B | 2. 
Ac see eines 54 
3/3/38] 8 
Be) | Boe 
©. |) Of | oma 
10:0 | 2/5) “b.Daseeeeee 
10.4] 3.2] 1.8] $2.00 
10.1 | ~2.5)) aie 2.00 
9.5 | 2.6] 1.7 1.85 
10.7| 2.5] 2.0| 2.40 
10.3 |) 2.5 eee 1 90 
9.4] 1.9] 1.8] 2.60 
10.1} °2.5.| 250 Sees 
10.0 | 3:5 | BOM ceuenem 
9.8| 3.0) 2.3] $1.90 
10.1| 3.0| 2.7] 38.00 
10.0} 3.0°} “Sia eee 
16.0.) 3.0,| 10,0) senneeme 
15.2| 4.2] 6.4| $200 
16.1| 4.3] 6.3 2.00 
15.11 3.7 $30 nee 
14.6| 3.9| 5.5) 2.00 
15.3") 4:0 | "6:3 veers 
10.0.| 2.55 ae 
10.6] 3.5] 3.0| $2.10 
11.1} 3:3 | 3a oe 
10.9 |- 2.7 | Say 1.85 
10.6 | 2.9] 2.7] -36.00 
10.8 | 3.1) Cane eee 
10.0°| 2:5") “aoe 
10.4] 2.4] 2.4] $2.10 
10:0:| 2.5 |) SiO duepeee 
10.6 | 3.4)| 2a))e eam 
9.6| 2.6] 2.3 1.90 
10.6 | 3.0| 2.3] 35.00 
10.0| 3.0] 2.6] 34,00 
10°4.| 2570) Saas 1.75 
10:2] 2.9 | 23s 
9:5 |--2.5 |) celeeteeeme 
10.2.| 2.7] Ba) igi 
10.5 | 3.2] 2.8] 34.00 
10:4-| :8.0'| 3i0)}cereme 
10.0 |- 2.5 | S.0yeeeaee 
10.7| 3.4] 2.3] $39.00 
10.0.| 2.5, | SoS eee 
10.9 | 3.3] 2.6 1.90 
9.9| 3.1] 2.6| 36.00 
10.7:| 2.9 |. 2:8:) eee 
10.2| 2.6] 2.4] 2.00 
10.4 | 3.328 1.90 
10.1| 3.1) 2.71) (eBs00 
10.0'| (2:8,) mez 1.90 
10:3 | 3.0 | 2.6 [tomo : 
9:6 (°3.6 | 4/6Jeeeems 
9.4| 2.7] 3.3] $38.00 
9:5]. 2:8) B90 4eeweeuens 
9:5 | 2:8 | 3.6 lotoncan 


B 300 
B 366 
B 369 


B 364 
B 365 


B177 
B 309 


B 433 


B 604 
B 605 


Laboratory 
Number 


EXPERIMENT STATION 
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Manufacturer and Trade Name. 


Hales & Edwards, Chicago, It}. 


Cackle Brand Fine Chick Feed.............. o ag; 
Cackle Brand Fine Chick Feed.................. 
Cackle Brand Fine Chick Feed.................. 


Cackle Brand Poultry Feed................e00-; 
Cackle Brand Poultry Feed...............s00- 
Cackle Brand Poultry Feed...................-- 


« 


Morning Glory Scratch Feed.................... 
Morning Glory Scratch Feed.................... 


Red Comb Coarse Chick Feed.............-.... 
Red Comb Coarse Chick Feed.................. 
| Red Comb Coarse Chick Feed.................. 


Red Comb Meat Mash............0.0.seeeeeee- 
RediCoamb Mest Mash. 22cras-eee0 aennce cane 
Red CombiMest Mashis, eda tncuesencmecs oecac 


Red\Comb!Ponltry*Beeds.... ac. ascoe scene jos nes 
Red Comb Poultry Feed)... .255 2)... j.scese500) |, 
Red Comb Poultry Reed io 0.6 2 OSs 2 ene oo oee 

Red'Comb Poultry Weed 2.6 2. eases aon: 


Howard H. Hanks Co., Chicago, Ill. 


Ku-Koo'Seratch Feed. 5.222.030 cess ccccs cesses 
Ku-Koo Scratch: Weed .c.cccn.ca-s oc eas csctoconent 
KueKipo peratclh Peed se. seca: ede < sale ccewe ce 


Golden Egg Coarse Chick Feed................. 
Golden Egg Fine Chick Feed................... 


Golden Egg Scratch Feed 


Henderson Milling Co., Grand Rapids, Mich. 


"Abbreviations for Guaranteed and Found. 


Golden Egg Scratch Feed.................00000% 


Average 


Sampled at 


Jackson;....--. 
Grand Rapids 
Kalamazoo 


Saginaw........ 
Grand Rapids 
Port Huron 


Petros... ear 
Detroit... 


Grand Rapids... { 


sere eens 


seen w eee 


Moisture. 


Crude protein. 


Crude fat. 


bo CoD 
Crowa 


OCOWoD WwW] OFOV =| | owen Of] Roo OD 


| 


NNWNNN Ww 
OmnCoOcr Ww 


NNwmwy 


Crude fiber. 


bod or 
Tt 


~ 


mwnwc bb 
ee O 


| 


ecocnco Nw 
NINOO WwW 


ie 


oo 


Wrnwnrc oC 
COUN ao 


bee Or CO Or 


383 


Price per ton 
or cwt. 


see eee 


see eeee 


stew eeens 


lew eeneee 
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| 


! 


| 
a 
= | 
>. 2 : 5 A 
ss Manufacturer and Trade Name. Sampled at 5 E | 8 é oe 
5 =| s © 2 2 a5 
a* 13/2 le |e | £8 
A | ci eS) 16) 16) AY 
B. B. Hyde, Port Huron, Mich. 
| FOS stoned | 10.0 k. 3:8: 208 eee 
B'826\#|\ IdealiPoultry Food: «fit. «ms sine n/aorotom iaete Port Huron..... \ES (1258 00235 22545 ross $1 80 
The IIlinois Feed Mills Branch, 
Ralston Purina Co., | 
St. Louis, Mo. | 
"Gal tizors 10.0} 3:05) (G00) concen 
B 377.) BeetwelliScrateh Reed) [ssa <prscle ce sactooe nate Niless.25.$5%.00% *F. | 11.5) 956) | S25n|) Siotieee eee 
B 326) «|, PeedwelliScratch Weed. 2:0 sccemoseciecetecetnecrs WDE GrOM ccicexcievoeirclere 1227 | 1087 || Sul aay 1.85 
B479 | Feedwell Scratch Feed..............0-eeeeeeeee Grand Rapids......... 10,7 | 1225)" S298\" 236 35.00 
AVErSQ@. cco sss 0s: 11,6 | 1036.)| '3.2;\|) (2593) eeeeeee 
| 
{ £GMulaeeee 10.0.\)) (3.05) “G2L0N eens 
Bi2198| Stan Chick*Feeds.< 64. Soest. eee ace oe Kalamazoo..... SF). 928%] 1949) 22227 aes) $2.00 
*G. |s.00..| 10:0 | 93:00 nGs0) ieee ene 
B12175|'StariSeratch\ Feed <2. masta ste cic= os cecieiare see Kalamazoo..... \*F. |. 10.3 | 12.2] 2.5! 1.9 1.85 
Chas. A. Krause Milling Co., Milwaukee, Wis. a asain 
cals peteree 10.0 ‘ (ON dete 
B 584 | Blue Top Fine Chick Feed, nogrit.............. Greenville...... { *H.) |) 1054) 492002290) ate 40.00 
B777 | Blue Top Fine Chick Feed, no grit............... Royal Oak........ elo | 2A Dea eden 1.9 2.25 
B914 | Blue Top Fine Chick Feed, no grit.............. Mt. Clemens.......... 11.4 | 9.5 2.%|| 1129 2.50 
Average...... Sos 11.5 | 9.7 | 3.8 | A)Bi (Papen 
B915 | Blue Top Fine Chick Feed, with grit............. Mt. Clemens.... { *G. |...... 10:0) 22550) s520R i eee 
ee 11:2 | a Ae be $2.75 
plese ores | 10. : Ost: Sear 
B 577 | Blue Top Scratch Feed, no grit................-- Beldinganeeeese *R Ss 12550) SOLO Basuleeoes 40.00 
B 923 Blue Top Scratch Feed, no grit...............+.- Hillsdale;.2. eee ee 12.6 | 10.0| 3.4] 2.9 2.10 
| 
Average.cs.ccc 568 12.6 | 10.0.) 3.4>] 2 lmeeeaeee 
} J : EG acai 10.0 |) 255-1 SotOnee eer 
B 581 | Blue Top Scratch Feed, with grit................ Greenville...... \*E.. | 11:8 | 954) 2.9) area eestaaon 
Marinette Flour Mills Co., Marinette, Wis. | 
{ Clk Aces "9.0 | 9240 | eBs00 Seen 
B 708 | Plymouth Rock Every Day Poultry Feed........ Iron Mountain.. | *F. | 9.8) 8.5 | 2.2 | 2.6 2.25 
B763 | Plymouth Rock Every Day Poultry Feed........ Negaunee............ 9.9 | 8.4 19) i) Sis) 2.25 
AVET AROS eseree ners 9:90} -S8ba| 2510) \e2 ve teats 
McMorran Milling Co., Port Huron, Mich. 
{ SGailensteet 8.0} (2:0 | SiON seeeeaee 
B 834 | Crest Brand Poultry Feed..............2-cceee: Port Huron...... SR) 1E6 1.1 || 256s eae $1.07 
The Model Milling Co., Port Huron, Mich. 
{og oem 10.2) _3:3:,)) S25 aereiee 
B'900) || Model'ScratchiPeed 2. /.5c54 0.0010 aroreswictne sions MSt lainey vaca. *F. || 1251) 1050) (2245 | ioe 2.25 
Northrup King & Co., Minneapolis, Minn. a | socgelae ets 
Bid “| Sterling: Chick Heed 5.5 acc ecrot cs seer the tec Houghton...... *F. 115 11.3 2.1 29 "2/00 
B 740 | Sterling Scratch Feed.............cecceccceees Houghton...... *F, | 11.5 | 9.2] 2.5 2.6| 1.80 
The New Century Co., Detroit, Mich. “aul I ace | et an 
| Te |ecccove, . . =U lene eeveae 
B197)) Cadillac Scratch Weed. 3.2023. c.c0- sou ncoekenels Detroibs pitas \ a 9.5 HA 6 | a 3 36.00 
B198 | New Century Scratch Feed................+--+- Detroitincen. oc \ *F. | 10.6 | 10.2 | 2.8 | 2.4| 37.00 
| 
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SS | 
r= =| 
i> | 's < & 
Sek £5 : 5 2 kh 
: 33 Manufacturer and Trade Name. Sampled at £ E 2 a 24 
‘3g 2/3/38] | 8: 
2a s/- |e |B | Zs 
J] = (By 482 oO [<0 
| 
Osceola Mill & Elevator Co., Osceola, Wis. i 
| | 
{33 Be | 10.0 3.0 bist UI Prednis Soca 
B769 . Gopher Brand Hen Feed...............e00e008 Newberry...... *F. | 12.9 | 10.2) 2.8) 3.1 $2.25 
| 
Postum Cereal Co., Battle Creek, Mich. | 
ff (3s re 850°) £.0 | 46.0 42.2.c4 
43.1280 | ‘Chicken Feed............s2cesseceeeeeeeeees Battle Creek... \*F. | 8.9 11.6) 2.4] 3.9/ 26.00 

\ 

Prairie State Milling Co., Chicago, III. | | 
fe at em: 1 10:0) | 80 B be BuO ele orcs 
'Bi557) | Garland Serateh Feed |. ......0-+s.eciernseccestee Muskegon...... Se 1) 12280 (01020 cin 2a9% Wy 227 36.00 
le ee 1020-225 1 UGE beeen. 
B558 | Prairie State Scratch Feed.............-0s..00-- Muskegon...... VOERE e255 | LOS0 ie 1345) 2229 37.00 
oe es pie 10.0 | 2.5 BAO | ecteteen.< 
B114 | Red Crown Scratch Feed..............000-e0e0% Lansing........ eR Oo OL es, eae Sisi" Sta 1.85 
B212 | Red Crown Scratch Feed............00.--e0e00% WECM egeteccoaebece 12.5 | 10.7 | 3.6} 3.2 2.00 
B 942 | Red Crown Scratch Feed............2-.-0-ee0e- Homers soisceeescael 118 | 12.4 | 2.5) 3.4 2.10 
Average........... WEB | ALCY |S ace eee 
Purina Mills Branch Ralston Purina Co., 

St. Louis, Mo. | 
: Ge [ie 17.0 (3 | eO.,| nse 
B376 | Purina Chicken Chowder Feed..................- Niles osievsinrie *RS | OF | 18562) 13:29) 9 028 $2.25 
B469 | Purina Chicken Chowder Feed.................. Grand Rapids......... 8.2-| 20.0 | 4.2 | 8.2 46.00 
B920 | Purina Chicken Chowder Feed.................. Jonesville............. 9.8 | 19.1 |~3.9 | 7.8 2.25 
B 1301 | Purina Chicken Chowder Feed.................- Battle Creek.......... 9.4 |19.1| 4.2| 7.4 2.50 
Average........... 9.1 | 191A PASO TB, oc. 
i AG ecwas OT ie JA WR: SE Cee 
B476 | Purina Chicken Feed................-..220000- 1 Grand Rapids... \ *F. | 11.9 | 10.1 | 2.7] 2.5 | $45.00 
| MGedliaas See hattO | 980 | 4a0r | orca. oe 
Bisco. )| futma scratch eed 9.2 :.:s/.cnic esis ecicinecaicie ne Detroit......... *F. | 12.7 | 10.9 | 3.3} 2.4 2.15 
B477 | Parma Scratch Feed; -.. <2... ccceeeccccewessne- Grand Rapids,........ ST | 0 Gules! 3.4 40.00 
{ Average.........-- er Me wick: © eg Re 

Quaker Oats Co., Chicago, III. 

: ; ee, ae ete TOO) eS i SAN oe ee 
1B 749 | American Hen Scratch Grains...............++5- Houghton...... *F | 11.0 | 10.0} 2.8) 2.8 $1.85 
: ; ‘is Se eee $0.05) cD Tas. See 
1B 746 | Big Egg Scratch Grains................-.00-00% Houghton...... \*F. | 12.0 | 10.6 | 3.1] 3.3 Teco 

Fs dial, Ga ee 10-0: 16 25 (rebel [ee 

'B 607 | Pansy Scratch Grains with grit.................. Ann Arbor...... *F. | 12.4] 8.9.2.3) 2.6 1.85 
B 734 | Pansy Scratch Grains with grit.................. Ironwoouses sees es 10592 S2Gee or ele aeO 1.85 
B741 | Pansy Scratch Grains with grit.................. Houghtonse seen. gy Pe aE Pa eer bh a | 1.80 
B 1214 | Pansy Scratch Grains with grit......... sacs bene Kalamazoo..........- PIER 932) | S20r a 1e8 2 00 
Average......0..+- 11.5 | 9.2] 2.6] 2.2|........ 

Ad {ie Eetreiel 105.0) io2. Sel5.0) bicep sce. 

B505 | Quaker Chick Weed 45 fa sdeneiecetescn inch Coopersville....\ *F. | 11.1 | 10.8 | 3.2} 2.6} $50.00 
Bi75k, | Quaker Chick Feed oi. ..icc0 nes en cele peice va sie Houghton(.bemccectes 11.3 | 9.6) 2.6) 2.5 1.95 
Average........++- iPS] 1008 | 13/94). 2.6 |. 86... 

"Glos ae: TOON 22 5 GeO! is Sa. 0c 

B709 | Quaker Scratch Grains... .........eeseceeeeeeee Crystal Falls... . af 11:5 ci Ae ae $2.25 
mil Wet cheng 0.0 | UN Se 

B610 | Schumacher Little Chick Feed....... ean Ann Arbor...... *F. | 12.6 | 10.0} 2.2] 2.6 1.85 
B 1215 | Schumacher Little Chick Feed..... Waee Lie natiteks Kalamazoo........... 10.6 | 10.3 | 2.7) 2.4 1 90 
Average........... 40.8 | 10,2) 2:54) 226. eo. .s 

; (2. 9: W020) } 281.500 | cde... 

B705 | Schumacher Scratch Grains.,.....,.. giv baie oiovatetovs Menominee..... BPs 19 Oi}; “O38 8228) | «25 $1 65 
B725 | Schumacher Scratch Grains.,..,...,.......+-++- Ero Rivers. jee ae cers 11.6 / 9.8) 2.3 | 75 3 25 
Average..........- | 12.3 | 9.8| 2.6 | ih RS 
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386 STATE BOARD OF 
eR Po | 
s = Manufacturer and Trade Name. 
es | 
oa 
4 
Roach & Seeber, Houghton, Mich. 
B.764. 1 Roseco Scratch Peed. ....<csic ost -welv cea ces eersisios 
| 
Saginaw Milling Co., Saginaw, Mich. 
B43 Red Wen Dry, Mash «sos cvefess slo = sce’ vesstoepete nets 
B 1041 | Red Hen Scratch Feeds ...5. 50.004. s0s.0cenaccee ns 
| 
Scheuren & Mok, Detroit, Mich. 
BidlG wal Bran Ml ashy), iets oso siege ore ritete tater ieee 
Bold «| Bacle Scratch Meed. i. % «eae acnleeeicw creme 
Boia) (ePade ticle Reeds. noses Mee ee 
Scofield & Son, Jackson, Mich. 
i 
B 234 | Scofield’s DrysMash iid se eos cate ves oe os chee iter 
Standard Grocer & Milling Co., Holland, Mich. 
B599 | Standard Scratch Feed.....0...0...200-seececere 
F. J. Stuart, Pontiac, Mich. 
B 876 | Stuart’s Chicken Feed.........:ssseececeeesers 
The Sugarine Co., Peoria, Ill. 
B06. | deal'ScratchiW eed 55. cn ton cates ov sive siociemee 
B305 | Sugarine Scratch Feed..............0csecse0e 
Thunder Bay Milling Co. Alpena, Mich. 
B688 | Thunder Bay Scratch Feed...............-..00: 
The Toledo Grain & Milling Co., Toledo, Ohio. 
B678 | Camp’s Red Ball Chick Feed..................- 
B677 | Camp’s Red Ball Scratch Feed.................. 
Watson Higgins Milling Co., 
Grand Rapids, Mich. 
B448 | Perfection Scratch Feed......... sd az tate israel 
B502 | Perfection Scratch Feed.............c0.s0sceae- 
B540 | Perfection Scratch Feed................++--000 
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Crude protein. 


Sampled at g 

A el 
°o | 
= | 
(29 sgy | 
Marquette...... MR dosdal 
SGA Rehr 

Saginaw........« *E: || S36 
1 Oo RSG 

C@aditlacencee+ ss a) 61274 
| 

*GsA\|-sseee 
Detroit sca cee plisa|) LO dial 
"Gola. dens 

Detrorhis soy. *F.2| 10.3 
SGt lisence 

Detroitesnewess *h. | 11-2 
2G) Sees 

Jackson...:.... { =H 9.1 
Tis CBN Boat 

Holland...... Bellet Ba ee ee) 
Li AL AG 

Pontiats. ere { *F. | 12.0 
*Gnitneteea 

Detroit......... { eRe dba 
, Gs exars 

Detroit. :... se  SExg ite 
ORR SE ar 

Alpena yecieste { *F. | 11.9 
“G. Lue 

Morencl........ ai gee ies Tf 
SN saa 

Morenci........ *F, | 11.3 
J GO eae 

Grand Rapids... { *F. | 14.5 

Coopersville.......... ile 

Grand Rapids,..:.....) 12.6 

AVCIALGZinceetites 12.8 
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‘ i 
zd la 
ey a 
3 3 25 
5 3 25 
o © Vee 
220 6:0, eae 
2.8} 3.1 $35 00 
3.5) | L020) ee eels 
4.5 | 9.0 36 00 
2.5 5.0) \osseneme 
2.8 2.5 45 00 

tar | aeeen ee 
328.}< Beaaleeeeeere 
28 2.4 ais 
3.6 || 3:08 loses ene 
3.7 | 3.5 2 00 

OAS Bi Ob iliziets eae 
3.8 | 10.8 2 25 
227 |) Se cements 
2.3 2.5 37 00 
278) SORSal eee 
3.4 | 3.0 2 00 
2.5° | SiO nero 
350.) Saad 1 85 
2.55) DEON E. aaeeere 
2.4 2528 2 00 
3.0 3.8 lie 
2.9°| -3.7 1 85 
2.5. 1°. 5.0. |fonsemee 
2.2) 22 2 50 
PARP BAS SS 
2.8) 2.6 2 10 
2:4 | BiAliee eee 
yer) Fas Ie 9 34 00 
274), 2.3 36 00 

eri 2.9 38 00 
23 2.9) 5 caverta 
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| | 
d 
Bs | | 2 | 2 : 5 g 
23 Manufacturer and Trade Name. Sampled at 2 | 8 3 ce s 
58 2/13/38 /3 1} 82 
2a S| bee | ete 
P| | & 6) 16) 6) AY 
| 
Willy & Co., Appleton, Wis. 
| {2G.|...... 10.0.| *2:4.| 48 be 
EWE yp WELOML, NOOO. reste atte oterniereicteisrstrsis.« sJalsioiee a Mie Tron River...... SR 10700 |S 36h) p22. ON cot $2 25 
: | | 
C. C. Wright, Owosso, Mich. 
(18 sg W300) 250 kee: 
B8 eto) ib nit ber orc cececrnesevecascd. Sacco: Owosso,........ *Ps| 12:8 10/59) 2:6) 3.3 2 00 
CORN & OAT FEEDS. 
Alma Grain & Lumber Co., Alma, Mich. 
Geers Veen ae lar aes 
Base frond Weed. ots ot 2 so s8Foneae eles ita eee VF. | ii.4'\"i0'3'|" 3:3" "3.6 | "i 60 
/ Amendt Milling Co., Monroe, Mich. | 
(Gaia | 79°| 3.8 |00,9 poco 
BiGgs. || -AmcolChop Feed.s..--.-e0ss ces ssaowaer suas pu Monroe... 2-10. - VE: 1165: | SAG a8 6 lei6e9 1 50 
Bips2--|\ Ameo Chop Heed, a. 2. oc2 6.0 <se2 cas aCe aN PrentOer 2 <cane ovewas 10.7 | 10.3 | 3.8} 6.4 1 50 
Average........... 10:4°| [9407] Sez lca tate. sec 
J. J. Badenoch Co., Chicago, III. 
Gee AU Tit 3 eC 8 BTA aes 
Bae MAO Chop ecto certs oar ce fale coats Paw Paw....... VAR), OE isa 24 4 | 12.0 $1 60 


Beck Cereal Co., Detroit, Mict:. 


B 204 | Royal Chop Feed 
B291 | Royal Chop Feed 
B 302 | Royal Chop Feed 
B 882 | Royal Chop Feed 


H. P. Boehm, Benion Harbor, Mich. 


fac: 

B 1242 | Corn & Oats......... Ue ctia exireeltame kee vue ehes Benton Harbor.. \ *F. 
Brand & Harden, Saginaw, Mich. 

fG 

B72 INominGround heedsc tase ccst.causk oun arte an te Saginaw........ \ aE: 
| C. Breisch & Co,, Lansing, Mich. 

J *G. 

B98 Novil Ground Feedt Fs. faees os oo eoipicer ce Sarees GSN ein es SF. 

Briggs & Co., Paw Paw, Mich. 
*G. 
B 1270"|. Chop (Corn; Rye; Oats), 0... .cssesss-ecscees >| (Paw Paws. si { oR 
Brown & Thompson, Coloma, Mich. 
: (*q. 
eae COT Oe OIE Sk SEES occ seid ct ee aie x'eidtciand ose Coloma........ \ - 


eee 
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Laboratory 
number. 


| 


B 713 


B 395 
B 394 


B 193 
B 598 
B 686 
B 893 
B 897 


B 391 


B 439 
B 441 


B 292 


B 415 


B 1230 
B 1266 


B 935 


B 918 


l\ HenkelsiGhop teed saat ise oeltice sais eee 
Henkels'Chop: Heed fs sccetian con cvieetiemeeonte 
Henkels'Chop Heed Sicccceoean ee ce eens 

| Henkels'\ Chop Heads j5Secractace tones caer etees 

Henkels: Chop: Weed; j:)cscsstom vise otoise a/ercresvelele 


STATE BOARD OF 


AGRICULTURE. 
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Manufacturer and Trade Name. 


Callam Mills, Saginaw, Mich. 


No: One: Ring 'Peedie. -asjooe sae cle ee atoeiaene 


Cereal Mills Co., Wausau, Wis. 


| Corn & Oats Ground Feed.................000% 


Colby Milling Co., Dowagiac, Mich. 


Streat' Gur Fead. -.<o.0s. sche lec oncetel tenes 
(\Cornide Oatay,. c.f -itra alermceieicie tn eeio a sialsne sje yates 


Commercial Milling Co., Detroit, Mich. 


Dowagiac Coal & Ice Co., Dowagiac, Mich. 


Corn &iOate sc. seca stone casei omee conan onesie 


Grand Rapids Grain & Milling Co., 
Grand Rapids, Mich. 


Ground! Corn'& (Oates. celeron cstserwciisiecieiesine 
Strest (Car Feeds co3c5 socsamenseme vecmenn eee 


Howard H. Hanks, Chicago, III. 


ammer Feed 2 = ca. eecatiscle ce tne we eee 
-Henderson Milling Co., Grand Rapids, Mich. 
Street: Gar Reed’. is..qs econ occmm saneneenuic cant 


GHop' Reed 25 eh an biasics scenes teieeno eae 
Chop ead. cond: eesti thine suelo we cueeaiane 


A. L. Hibbard Feed Mill, Sturgis, Mich. 


AMtiChop Feed sisozttaricontconaneetioueeeat. 


H. M. Hobart & Son, Detroit, Mich. 


Pécs Chop Peed’: <:.< cose cto oomices aeaecoiatolete 


3 
Sampled at Bo) eal eee ie 
B32); s}s{|s 
} FI 3 & 
Sis) as 
oi, Cal AEG rioters arricnc incase 
Sacimawe secre es 11.5 | 10.6} 3.4) 3:5 
eS emis 10.0} 7.0| 7.0 
Crystal Falls....\ *F. | 10.1 | 11.6 | 5.5] 4.6 
oj CS RE eae aallonann. laqcter 
Dowagiac...... — 12.2! 10.4 | 3.5 | 3.0 
Dowagiac...... *F. 11.5 | 10:8} 2.9 | 301 
(ae eee 9.0} 4.5] 9.0 
Detroitess sees *F. | 10.0] 9.4 4.4) 7.1 
Howard City.......... 11.0] 9.6] 4.1] 6.6 
ANA. / iscarete ais teleiee ere 10.4} 9.5) 4.7) 6.3 
Rochester............ 13.4 | 8.8| 2.8] 8.0 
Armadaniaenlatnrtnlors Wis 828 | 3.6 | 6.0 
AVETALA Lc. cscs 11.2} 9.2] 4.2) 6.8 
MG. |. cick ainl|lsiase ciate otstevceell Cees 
Dowagiac...... (E 16.0} 8.8] 1.9] 4.3 
bd ¢ Al SPA RSS esc [dodcn< 
Grand Rapids... ae 10:8;)| (8.35) 2505 eg 
Grand Rapids... \ *F. | 13.6 | 9.3} 3.3) 5.4. 
hd Cl ree aa Sot aecoce 
Detroit %aacwoes ( 10.8 | 10.0} 3.4 4.5 
"Gio lgcced] ee cool meme Manes 
Grand Rapids... { *H, |.12)1)) S290) 2328 olotsee 
(3 a | cavers nv layetsraneyel leas eet ell armen 
So. Haven...... SE. S15e 85 dasa emer 1.9 
Paw Paw. /oucacsecios 1305) | S 7580p ments 1.9 
Average......::.e- RAR 1.9 
‘ (33 al Sieteroine 8.81 4.3 | 4.8 
Sturgis... 5. oui. OF. 12539) O52 des. (p05 
(se Neer sae 8.8 | 3.9] 5.2 
Detroit,.......; bal amd Wy EIB FR era fede Jef mae es 


eeeeceee 


ay 


seen ee 
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number. 


B 235 
B 1204 
B 575 
B 185 


B 209 
B 293 


B 254 
B 835 
B 261 
B715 
B 1316 
B17 
B 167 
B 1222 
B 66 


B37 


B 44 
B 314 


B 255 
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A | 
eae 
Manufacturer and Trade Name. Sampled at g = 3 
|e | s8|s 
= Eye) te 
= 16) 5 
D. D. Holden, Jackson, Mich. 
Cra | Aone lnawedallaaasas 
NGS LiGorn hi Oatse rear. ce tose ase anotetets Jackson........ { +R 114.9 | ye eee 
Johnston & Howard, Kalamazoo, Mich. sel 
Chopiliceds sacteacer poner ots soto arewvonine te eae s Kalamazoo..... {aE "42.6 | 8.2 | 2.9 
King Milling Co., Lowell, Mich. 
{ SCE Alea 10.4) 6.5 
Conmas Oat heed: tance eae eae nae ene eas Towel. .ccncn. Lae fens |) Abel aelare 
Lichtenburg & Son, Detroit, Mich. 
{ FGO lgeaee: or al acres 
Chop Weed a7. ae naan Waters te rc nwa tote ces oP Detroits.. 2... 3 eRe etOl ds 1 One 3.9 
Mason Milling Co., Mason, Mich. 
BGs lecias teltrs omcce|| semteete 
Nios LC itop Reed sacet Siac ot. aan cet corel eto MASONS states es 10537 OE eee 
Now Li ChopiHeed hve cores dosoeaceune peice ae os Masons. caaisereneeee 1555) ||-20N6)|\Fe0.. 
VED EOs.fon< senate 12:9) | 10:4 | (227 
McLaughlin & Ward, Jackson, Mich. eG 
WorliCormib Oatss ce tn ck gases bdacese noses Jackson........ CE S35) O08) aaa 
MecMorran Milling Co., Port Huron, Mich. 
iE desir 7.0} 2.0 
Wnestsbrandi Chop ease. cei aeawoseiecice sae Port Huron..... She ilanoe be oe Vell moce 
Northern Illinois Cereal Co., Lockport, II]. 
(Pde Saleencie 9.0 | 3.0 
Peru: Corm & Oats Meed i wic..ccias,s eine Sabie tee eee Jackson........ et Eeu OL aap Sels |p eeat 
Northern Milling Co., Wausau, Wis. 
{ SGslitaeere 9.0 | 3.0 
Northern Feed..... SS eboytiosodes Fedo dasumzSp Crystal Falls.... | *F. | 10.8 | 10.1 | 3.3 
F. E. Nowlin Co., Albion, Mich. 
: Ed Col (nea eet Bie eee lliccsrt ae 
Conn SiO atsexe nae ke niacceeatons noaate miter Albion. sen ets { Fh ele fre 985|/a20 
Owosso Milling Co., Owosso, Mich. G 
LTE eee ae ao Owosso id Ramet oc 
C. A. Parshall & Co., Howell, Mich. «3 
(Ground! Cornids Oats. ctacnie aos seictenioe cates com ees Howell). sores Anes { *F, 10.2) 10.4 | 3.7 
F. G. Rapp, South Haven, Mich. ae 
Bn ie eee oe em So. Haven...... (°F | i5°7 | i6:3'| 73.6 
Reliance Mercantile Co., Saginaw, Mich. e 
Ground Feed No. 1......... PES Ra SH OOH aes Saginaw........ eck “9:7| 9.6 | 3.6 
Saginaw Milling Co., Saginaw, Mich. *c 
Nia (Keer ets es aks te Saginaw........ CE Mee PEO lh Sh" 
(tok CP ee hee See sige 
Street (Car Head ss strate enn Gs ccte.c wana aeons Saginaw........ VSB.) 1856 | rahi aro 
Scheuren & Mok, Detroit, Mich. 
COME oe | Ch AUN Pats 
Chroprhlesdire a 08 se onesie chose eee en Wetrowsssec sees Fal doedal) (628 |) 220 
Stockbridge Elevator Co., Jackson, Mich. 
{ Sister et 10.0 | 2.5 
NowiGurn te Ontar!. (i) hich sh 2ac09 teas Jackson........ *F. |'13/9 | 8.8 | 3.2 
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é i=| 
ue o 
Oo ~» 
2 | s¢ 
Sh ieeee 
3 26 
oO Ay 
| 2:8 | $i's0 
Tere 170 
(alle ae eee 
3.7 | 32 00 
ge Mie 
5.5 | 28 00 
ebalelas. cece 
4.8 i 60 
ey ene 
"5.4 | $175 
Sri acetone 
6.5 | 30 00 
12°) be epee 
8.0 | 27°00 
Ose ess 
3.8 | '2'00 
segta: [ioe vai 
rae ee 
Septae lies oa 
segsaefien ee 
re oe Gg 
“a'7' | "3100 
5/4] "3100 
BIS Bien 
5.7 i 40 
Borie. tee 
5.4 i 90 
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| Laboratory 
number. 


| 


B 1293 


B 458 


Bi4 


B91 


B 401 
B 403 


B 134 


B 1220 


B 849 


Winner Chop Feed 


STATE 


Manufacturer and Trade Name. 


David Stott Milling Co., Detroit, Mich. 
Winner Chop Feed 


T. B. Taylor, Jackson, Mich. 
Wo. dnGround\Meedssy.47 21 aectoseeictn one tie ets 
Thoman Milling Co., Lansing, Mich. 
No.l Ground Weed sc <i sctep ate cls mae ec «yeh od oie 
G. W. Thorpe, Jackson, Mich. 
Corn & Oats 
Titus & Hicks, Battle Creek, Mich. 
Corn & Oats 
Watson Higgins Co., Grand Rapids, Mich. 
Streef'Car Meediz, vc use ese ck gee cces edie eee 
Fred Welsh, Owosso, Mich. 
Corn & Oats Ground Feed...............2.2-0+- 
Wenonah Mills, Bay City, Mich. 
Mod Ground Reeds. pa e.4 sion eke eee 
Wykes & Co., Grand Rapids, Mich. 
Y X Street Car Feed 
Y X Fine Feed 
Young Bros. & Daley, Lansing, Mich. 
No. 1 Mixed Feed 
Zantenga & Workman, Kalamazoo, Mich. 
Street Car Feed 


ee i oe oe a) 


ee ee ee ee 


WHEAT BRAN. 
Abilene Milling Co., Arkansas City, Kan. 
Wheat Bran with ground screenings 


Ailas Flour Mills, Milwaukee, Wis. 


Atlas Wheat Bran with Ground Screenings not to | 


Exceed Mill Rua 
C. Breisch & Co., Lansing, Mich. 


Choice Michigan Wheat Bran 
Choice Michigan Wheat Bran 
Choice Michigan Wheat Bran 
Choice Michigan Wheat Bran 


i i ei aa 


J. P. Burroughs & Son, Flint, Michigan. 


Choice Winter Bran with Ground Screenings not 
Exceeding Mill Run 


BOARD OF AGRICULTURE. 
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! 


Sampled at 


*G 


Grand Rapids... \ *F. 
*G 


| Grand Rapids... | *F. 
{ EG: 

| Lansing.:...... =k 

| { *G 
| Kalamazoo..... “4300 
White Cloud.... { bd Os 
chy 

(F 

| So. Haven...... ial 

| 

{ *G: 
Lansing........ E34 0e 
{) Liarising> ie. asquiaeee 
Mason.7).js ance ete 
Mas@u snare ss daneees A 
Average: :.).scssece 

| { £6 
Birch Run.,.... Ts 


*Abbreviations for Guaranteed and Found. 


{ aG; 
Adtianssscde sae. ADE 
Cheboyzan:..o. vse 004 
AVOLSEB) . «..) siete 
2 (Gs 
Jackson........ Need ti 
(PGs 
Lansing. ......; SE: 
{ *Ge 
Jacksons oo... Mage 
| 
*G 
Battle Creek.... { *F, 
(3 
Grand Rapids... 


A 

‘8 

3 = 
a ae 

n ~~ 

ees fine 

ee: 16) 
hen de 8.0 
10.4] 9.1 
Lita) Se6 

| 10.8 | 8.9 
"18.7 | 8.5 
Mies tie 
23:0} 9.1 
iii | 10:0 
wee ewe 1) oe ee 
13.9 | 9.7 
"10.9 | 11.2 
"98 | 10.4 
"12:6 | 9.4 
rey Nal 
"11.6 | 10.9) 
"43.2)| 9. 
"10.0 | 17.4 
Bente 13.0 
9.6 | 13.8 
"96 | 13.6 
9.3 | 13.0 
4.8 | 14.8 
9.6 | 14.1 
9.6 | 13.9 
‘10.7 | 12.8 


’ a 
ae 5 | = 
2/a| s¢ 
o o aS 
2 | B | 86 
&.| 6 |e 
5.0°| 100d eee 
5.1| 5.9 | $2600 
4.5] 6.5 1 40 
4.8 |"6 25 

weeees| Oo | es 
specs fen 36 
ene i 75 
spa logg fon iH 
asad BB aloe aang 
rere oe +53 
eee len és 
"3.0 | 2:9 | 3200 . 
"3/1 | 3.0 | 32 00 
"3:4 | 6.2] 180 
arr oe ei 
38) 98 "96 00 
3:0. | 11-0") 
4.6 | 10.3 1 30 
“3.9 1S: 80 eee 
4.0| 8.7 1 30 
40] 94 1 40 
318: |"- 8.7 135 
3:91. 28.9| eee 
"3/5816 | $135 


Laboratory 
number. 


B 392 


B 757 


B 728 


B 752 


B71 
B 766 


B 726 
B 727 
B770 


B 102 
B 388 
B 416 
B 555 
B 625 
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| 3 5 8 
: > o » 
Manufacturer and Trade Name. | Sampled at = z Ss 2S; esd 
= o | @ © onl z 
=| tc = tea fea =) ins) Dien 
A ike A eke = ad fates = 
| = =) oO oO 3) Ay 
L. Christian & Co., Minneapolis, Minn. 
| 
Wheat Bran with Ground Screenings not Hxceed- aCe ares 1550 ACOSO OSlne e ee 
MITpe NAM ULP ERAT riba cticleh cera olgherals ate) aiatolote raletelolelateets te | Muskegon...... *F. | 9.3 |.13.9 | 4.6 | 11.0} $23 50 
| af 0 Pale eae 150 PASO OLON Ts ee 
Matchless Wheat Bran.;.........2..0-0-sse0ses Howard City... | *F. | 9.7 | 13.1 | 4.4 | 10.6 29 00 
| 
Colby Milling Co., Dowagiac, Mich. | 
| { EN ees eee sae arte 
Bran noscreenings........ Be Asch coe ciceate tists | Dowagiac...... SP 1073 1b de 420 8 24 00 
Commercial Milling Co., Detroit, Mich. | 
| Eee ave a a ae a 
Henkels brane ate stu ents ccs, ste 8 cuvialy da G's.trot-rs L Howell: str caters FPL) 87155) = 4.01 10-9 1 69 
enkela Brantye- ©0304 ac cs rclicnimai sisters letrarh. us \stuae os | 8.7 | 14.1] 4.7] 9.7| 25 00 
Henkels Bran.......... pe Bes Oe es ee Detroto cr ace ane | 8.9) ) 14.15) 4.2.)- 9.2 Ley 
Henkels Bran.............. mean Ae ciara cet aes Conant Detroitie.:. 2c ssc8 seen 10.3 | 14.7) 4.9} 9.3 1 30 
Aveied tee 9.2:| 146 | ae | gre ha ee 
Crookston Milling Co., Crookston, Minn. | 
Coarse Bran Ground Screenings not Exceeding (*G: | reeset 14.1| 5.0 jal i ere 
Mantis ort eetclossieecin od arate: oie Ae| arsine weds Hancock. 52.52. \*F. | 11.5 | 14.5 | 5.4 | 10.0 24 50 
| 
John P. Dausman Milling Co., De Pere, Wis. | 
ee Bare Teg leks (2090 eos 
Coarse Brann: cc. caee eotne eel ee ae Sires wae Tron River...... AB 928 ih 15-1, |. 16:3./10,5 1 40 
| 
| 
Duluth Superior Milling Co., Duluth, Minn. 
y { BCS Aecas 1 I es Pr hae a 
Diath imperial Bran’. secs +saviowicel- oo vo aices.e Houghton...... aol Cpa Hes Bay fr ct (Sarl las I ek), 25 00 
Duluth Universal Milling Co., Duluth, Minn. | 
FG 14267 | 5450)| 12232 kere 
Wheatibraniccecoscies cnniceelece x cane amen ines Detroite: syecen *F, |. 8.9 | 13.1) 4.4] 10.4 24 00 
Wheat Bran with Ground Screenings not Exceed- 56 Ca RSS 5c 1426) | > 2.0") Waal Sees 
Minleane ae se sects os aries awe ear aae cee Marquette...... nl SSM Hr (4 ar a Sed Ud Pee Se ee | 1 20 
Eagle Roller Mill Co., New Ulm, Minn. 
Wheat Bran with Ground Screenings not Exceed- { CC Pal lace VAS OUI SPA ET Oulet se seeas 
rice Mir Weis arene Mises oct iors aise tev oraste aloe Tron River 2 Eh OLB 1878 (2.42201 826 1 40 
Wheat Bran with Ground Screenings not Exceed- 
AN AHR irae Pes oth vis oes tes spate ona ore tearole Prom) Rivers. ieisjec cen 10:3 {/ 15-1.) 4.6}, 9:9 1 40 
Wheat Bran with Ground Screenings not Exceed- | 
tne Mall/Runy ys 2b ces eek oe Dee ete eco. Sault Ste. Marie....... 9.6, 14.8 | 4.5 | 11.1 1 40 
AV erave 2 Liconin ca ts.e TOP 2e TG 2 le As Aa 0G 1G) ieee oe 
B. A. Eckhart Milling Co., Chicago, I1l. 
en with ground screenings notexceeding mill | § = i f*G,.1...... 14,051) OTE ORI oa ec 
URNS cig tect occier he eiplai ste eatelcistorere asa abet Peteic, ote | Benton Harbor.. | *F 9.4; 15.4) 4.3] 9.5 $1 30 
Bran with ground screenings not exceeding mill 
Bee Re Bate dy soe) pi aale oye otaeintelalctaennt ite TGWSRIAG. siojs ce dese) 1020 | BS 8 222 Oke 1 25 
ae with ground screenings not exceeding mill 
PUP aces eran h Hae din ReneS rate eas Grand Rapids......... Lie 2 ae 4.0] 8.9 28 00 
ae with ground screenings not exceeding mill 
Soe ee ea eC ee Le AEA One Sen aae Muskegon...........:| 9.6 | 15.3 | 4.5 | 11.2 25 50 
as with ground screenings not exceeding mill | 
PUNE. See Pa See Peet eae ry CA aos Nopaillanthes.cccsess css 10.5 (15.5) 3.9] 9.6 1 30 
Average..........- 10.1 | 15.5 | 4 2 | PISS hae 


*Abbreviations for Guaranteed and Found. 
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Laboratory 
number 


B 1035 


B 560 


B 379 


B 431 


B 23 


B 1039 


B 530 


B 509 
B716 
B 761 


B 258 


Manufacturer and Trade Name. 


Eldred Milling Co., Jackson, Mich. 


Pure Bran. ssh scones he ee eae eiee ete aniel| 
Pureibran. . oe Seon aoe ie saben eae terete 
Pure'Bran sees ee eee eee 


Empire Milling Co., Minneapolis, Minn. 


Wheat Bran with Ground Screenings not exceed- 
RP MI TON: ¢ eet miceces Soo ee eee tea cee oie 


Everett Augenbaugh & Co., Waseca, Minn. 


Wheat Bran with Ground Screenings not exceed- 
ing mill Pins she cases ce oe cole ee eee ua eee 


Goshen Milling Co., Goshen, Ind. 


Bran NO|Screenings >.5 5250 c ses cae sce enon. oe 


The Grain Products Co. 


Wheat Bran with Ground Screenings not exceed- 
rhea I ay aS Anon GoM nie BROCE GEO nOAGEe 


J. Hale & Son, lonia, Mich. 


Flake Bran 


Hankey Milling Co., Petoskey, Mich. | 


Bran with Mill Run of Screenings 


Harris Milling Co., Mt. Pleasant, Mich. 


Hunter-Robinson Wenz Milling Co. 


Wheat Bran with Ground Screenings not exceed- 
Ag MU TUN. ees cares te awe stele e cle ea oaths 


W. J. Jenison Co., Jenison, Mich. 


Wheat Bran with Ground Screenings not exceed- 
ing mill run 

Wheat Bran with Ground Screenings not exceed- 
ine millirin 45. a Aenea eee 


| Wheat Bran with Ground Screenings not exceed- 


ng milli run. Ass cask cc esaeaene eee ase 


Jonesville Milling Co., Jonesville, Mich. 


Pore’ Winter Wheat Bran’, <)..5< stk ves eee 


*Abbreviations for Guaranteed and Found. 


Sampled at 


Jackson 


{ AGS 
Muskegon...... 36 
7G. 

Nileg.d. to scnee { AW 
* * 

Grand Rapids... { *F, 

| 2G: 
Mt. Pleasant... { *F. 
*G: 
Petoskey....... { *F, 
{ eG: 

Mt. Pleasant..., | *F. 
Mt. Pleasant.........- 
Averare s5.5 tetas. 

AG: 

Zeeland........ Joe 
UF 

Numces7.- 2 ene Ane 
Crystal Falls.......... 
Negaunee............ 
Averages scsscees 

{ *G. 

Jackson........ od 


d 
‘3 
3 z 
a ee 
A | uv 
° ) 
= ro) 
ae 16.2 
9.3 | 14.4 
9.5 | 14.3 
10.3 | 14.8 
9.7 | 14.5 
Ae | 14.0 
10.0 | 14.4 
eS 14.0 
9.1 | 14.3 
ere 14.0 
9.7 | 15.0 
pee 14.5 
9.9 | 17.1 
eres 14.0 
8.4 | 14.1 
be ene 13.6 
9.7 | 14.5 
ee wee § 
8.2 | 15.4 
8.3 | 14.9 
Bee oy 15.5 
9.7 | 15.6 
Neh 15.0 
9.4°| 14.4 


: 8 
2/2 | ge 
2 © as 
ms) ss, Oo, 
2 a) 
6) § Ay 
5.0. (323 |e eee 
4.3| 8.4 $1 35 
4.2) 9.0 1eS5 
4.2) 8.3 1 40 
4°23") 1826) |= eee 
4.0)) 2105). seeeen 
5.2} 9.3 22 00 
3.0.) 1250.) sass 
5.2 | 10.7 | $23 50 
4.0°| 10:0 |=. 
4.2 | 3.6 1 25 
3.01) 1050) 12 eee 
3.9 | 8.6 25 00 
| 
3:5) Mico \ ae 
3.3 | 7.0 1 50 
3.8-1 9. Gale 
4.5] 9.3 24 00 
3.4} 10.1 | 25°00 
4.5 | 9.4; 2300 
A.0: 1). 9:Sa15 sere 
4.0. | 11-0), eee 
4.3 | 10.0 | $26 00 
A0>\ 1020) S Saeeeen 
4.5| 8.7 2600 
4.5 | 10.6 1 40 
4.5 | 10.9 ! 1 40 
4°03) 10S Tose 
-3.0' | 053) ieee 
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ae : 
abs 2 = w ES 
is FI ° : ° ~ Be te ° 
#5 Manufacturer and Trade Name. Sampled at | E 5 a =| S5 
bk _S Oo oO 2 
22 /2/ 2/2) 2 | 23 
4 eee 6) 16) 16) 0) 
Kemper Milling Co., Kansas City, Mo. | 
B 1263 | Anchor Bran with Ground Screenings not exceed- { Grea ercieters 1475) 4,0) 10:07 reer « 
AIRTEL ELLIE, oye tera cee okt cara cserateaatotete se Cet PawPaw..seeec *F 9.2 | 17.8 4| 8.8 $1 40 
B 830 | Anchor Bran with Ground Screenings not excced- 
Vivace | i ahha ere oe eeee ve ey ne et ore SOE Bors ere ee Ort Huronten.- antec ctor TORO Sot) see 1083 28 00 
AVELAO\ as '5siseem > | GGG balesd -Os6rece ees 
J.B. A. Kern & Sons, Milwaukee, Wis. 
B 543 | Eagle Wheat Bran with Ground Screenings not ode Sil eee ras 1453 oe OM AOSO Ue eee re 
OXCCCOINE MELT OM. caced vende secmoacancwas Grand Haven... | *F. | 10.3 | 15.6 | 4.3 | 10.4 | $27 00 
B 1001 | Eagle Wheat Bran with Ground Screenings not 
exceedingimilllruns sso. cesar voce Aelonee Holland sae crac cie 9°55) 15.8). 93a.) 10:4 26 00 
Average........... 9 [to Fla aem ded (eee. 
Kimball Milling Co. 
ess Etre avtre TSO S2Gi lr LO Oihes eect 
B 262 | Globe Mills Pure Wheat Bran..,................ Jacksons s..sc. 2 *F. | 10.0 | 17.9.) 3.6] 9.4] $24 00 
Larrabee Flour Mills. | | 
B 264 | Wheat Bran with mill run of Screenings not to fees | Roa 15 Dis resi LOS Ble ae 
CXLEER SI PEl CON catcnte acne stiaeee weve onlerests VackHowe sce his VARS 928. 16s 3.37), 8-9 34 00 
John C. Liken & Co., Sebewaing, Mich. | 
a eee LAR Oot ea tial, LOM gece 
BADOS se Wanter Wheat Bran sic. cacwcece eauaetscles ss PAgeON:, ta... fan: SH | ee) | Seat ono le O8 1 50 
Lindsborg Milling Co., Lindsborg, Kansas. 
; {2 sates ers] eos tO Ob Thtcreresraters 
B 1304 | Wheat Bran and 8 per cent Screenings........... Battle Creek,... | *F Site bee G42 00), 8.5) 1 35 
Marshall Milling Co., Marshall, Minn. 
B 493 | Wheat Bran with Ground Screenings not exceed- *Ge lees 1530)) 458. MS ule cotta 
PN WEAN fier, oorad oainthn ec ejecta ees | Grandville...... *F. | 10.6 | 13.8 | 4.5 | 10.8 28°00 
B759 | Wheat Bran with Ground Screenings not exceed- | 
ANEMONE he deers erates coe okss ora ee ae | Negaunee...........- 10.7 | 13.9} 4.9 | 10.3 1 30 
AVERAGE calec.cecene POSTON c sly ae. A OUOR arene ctere 
Mason Milling Co., Mason, Mich. ae 
BAueeiranct 23st oes tt a6 Sc aN he aks | Mason......... \*F. | 8.5 | 15.1| 4.4] 9.2 | “$1 50 
rola | SPAN S cece cone oa ore oe Ses Seis raccte eerarenie Mas Onis is-1s neocons 9.6 | 13.3 | 4.0) 11.6 1 40 
Average........... Ye Ne fi © a Ya a TT. a eee 
National Feed Co., St. Louis, Mo. 
B 182 | Wheat Bran with Screenings not exceeding mill RG tr. Lael Ae Oe LOLOlie jee eae 
|) Tepe ncaetcae bp oceosercup: oto Sosa sCeaaene Detroths. 5. sae Vedas 8.8 | 16.5 | 3.4| 8.4 | $24 00 
B 860 | Wheat Bran with Screenings not exceeding mill 
PUMP ciatas mins = ecwicrate tec ctevckel uwtoce memmaiviaice tens VESE Bs aaor SHenmene LON. 2722) 1) - 3.8;| “826 28 00 
B 1285 | Wheat Bran with Screenings not exceeding mill - 
FUN cosine a dae chs ate arabs sorta wide: erctstane ele sagen Battle Creek.......... 9.2 | 16:3 | 3.5} 8.0 1:35 
Average........... QE OWL Bie ale oO Sia! lle sce ole 
New Era Milling Co., Arkansas City, Kan. 
(oF abet te IIG Or lecep Os dle es 
B378 | Wheat Bran & Screenings.............2....0005 Ui Ee reer P95!) 27-5) | S27) 450 $1 25 


*Abbreviations for Guaranteed and Found. 
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Laboratory 
number. 


B 554 
B 1203 
B 1231 | 


B 840 


B 562 


B 361 


B 351 


B 482 


B 831 


B 1026 
B 1287 


B 423 


B 278 


Pillsbury’s Wheat Bran 
Pillsbury’s Wheat Bran 


Blue Bird Feed Bran 


Manufacturer and Trade name. 


Northern Milling Co., Wausau, Wis. 


Pillsbury Flour Mills Co., Minneapolis, Minn. 


G. P. Plant Milling Co., St. Louis, Mo. 


Wheat Bran with Ground Screenings not exceed- 


irra cil qi bs Pees Sect Ae meen <P On occ 


Wheat Bran with Ground Screenings not exceed- 


Af TAT TUM So. eee Seek ee mle sealer aloes 


Wheat Bran with Ground Screenings not exceed- 


ATI INUUFUM ws sre nose seen eeteiselteie nee cia ee 


Saginaw Milling Co., Saginaw, Mich. 


Samico Feed Hard Wheat Bran with Ground 
Sereenings 
Sam.co Feed Hard Wheat Bran with Ground 


ROE COTE OR retails ia ceatarctatetattiols avarars Ghote s ote tate: ore 


Winter Wheat Bran with Ground Screenings not 


exceedmigmMbTON sc we pckcicticntecicelese sea 


Schultz Baujan & Co., Beardstown, Ill. 


TUT eee eee ee eee eee eee ee 


eee eee ee ee 


Wheat Bran with Ground Screenings not exceeding| 


mill Tus soo piece some cae eee soe eee eae 


Sheffield King Milling Co., Minneapolis, Minn. 
Fancy Brodflake Wheat Bran and Ground 


Wiheat OcreenmMmee ns «kas cece ne sets clas wane 
Smokey Valley Roiler Mills, Lindborg, Kansas. 


Wheat Bran & Screenings not to exceed mill run... | 


Southwestern Milling Co., Kansas City, Mo. 


Wheat Bran with Ground Screenings not exceed- 
ing Mill Run 
Wheat Bran sill Ground Screenings not exceed- 


titari] | tai) Beet eee irs SARS aie toc RARE 


Wheat Bran with Ground Screenings not exceed- 


Ertl Pees eae eran anti SO ARR A LR 


Wheat Bran with Ground Screenings not exceed-~ 


Ingmall TUN wat jeae ese sek pause soene ae 


Sparks Milling Co., Terre Haute, Ind. 


Try Me Bran with Ground Screenings not exceed- | 
Fite) baths Pee eee ee SPE Sa 


Standard Tilton Milling Co., St. Louis, Mo. 


Wheat Bran with Ground Screenings not exceed- 


ine mllixun essed css ses bee riastee «oe aoe 


*\bbreviations for Guaranteed and Found. 


| 
| 
| cies 
Sampled at 5 pi ei 
3 3 
= z 
= 6) 
1 ley: arma O'S ote 13.0 
Tron River...... 9.7 | 13.9 
| Howell.........\ *F. | 10.4 14.4 
semi | 14.5 
Cheboygan..... 10.0 | 13.4 
Escanaba.......... 10.0 13.6 
Average........ 10.0 / 13.5 
Seroae 15.0 
Muskegon...... 9.3 | 15.9 
Kalamazoo........ 8.7 | 16.4 
| DSowHayen..)..2 ce 8.8 | 16.8 
| — 
Average... .\...sc0e| O18 | 16.4 
| ._ eet aD ea sere 15.0 
| Sagmaw.....coe 8.5 | 14.1 
meson set ctw Neo! fit Seiten 15.0 
Saginaw........ 8.3 | 14.2 
VWasdanc coca dacs 10.0 | 14.1 
| Average........ |) gro aa 
eRe es ee so eee 15.0 
Sandusky....... 9.8 | 13.4 
| 
Fee ose 15.0 
| Muskegon...... 9.7 | 15.6 
} 
2 mem fee eae 13.5 
| Niles'< co csseece 9.2:| 13.1 
| 
{ aspteyas 14.5 
Niler cance. cee | 10.1 | 16.3 
Seon | 16.5 
Grand Rapids 9.5 | 16.9 
Port Huron........ 10.2 | 17.9 
Traverse City...... 10.3 | 16.6 
| Battle Creek....... 9.9 | 16.7 
Average........ 10.0 | 16.7 
eer 15.0 
Grand Rapids... 10.4 13.4 
| RSG ae 14.5 
Jackson... ...2 9.5 | 16.9 


elil,é 

Pres wc 3S 4 

o o es 
Las) oO S 
=] Py 
8 8 (ae 
3.3 | TSO eee 
2) ep $1 40 

oe 

4.0\-\\ 12:0 Spee 
5.1 Teo 1 25 
4.8 | 11.7 24 00 
5-0.) 11 7.\b eee 
3.0: |}-10 ieee 
4.5 | 10.2 $23 50 
4.0 9.0 1 35 
4.7 | 10.0 1°35 
4.4 OF" Ree ee 
4.0 150.) aaeeecte 
4.1 8.8 $24 00 
470) TL Oa | eee 
4.6 | 10.4 24 00 
5.0.) 10:1 27 00 
4,8 | 1023) |Sseeee i 
4:0 (23108) |Reeeewees 
4.2| 8.7 $1 40 
3.3 1 12200 eeeeeee 
4.5 9.8 23 50 
3..50| Total Sees 
4.5 | 10.6 125 
3,5 |’ 10:0) ener 
3.8 | 10.0 1°25 
4.0} 10:00) 2eeee 
3.9 | 9.4 27 00 
335 8.5 28 00 
4.0] 9.5 26 00 
3.8 8.5 25 00 
3.6 | 813) |eeeee 
3.0 | 10.0) teem 
4.0 10.2 | $23 00 
4.0 UR ere oo 
V4 9.1 24 00. 


ry 


Laborato 
number. 


B 227 
B 494 
B 513 
B525 


B 454 


B 241 
B 1202 
B 1314 


B 327 


B 181 


B 118 


B 294 


B 424 
B 520 
B 538 
B 592 


B 475 
B 496 
B 544 
B 545 
B 1043 
B 1225 


] 


} 
| 
} 
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| | | x | a 
| 
Ans teed os 
Manufacturer and Trade Name. Sampled at sens E 3B a | 3£ 
= ° ° o | #6 
7) ies] cs iss) D5, 
‘s = || =e z 2° 
= SEM tS: iS) Ay 
Star & Crescent Milling Co., Chicago, Il. | 
Star & Crescent Bran with Ground Screenings RG eae: | 15.0.) 420. [cf O00N caesar 
notexceeding millrun.................-.---. | Jackson........ °F. | 9:0°)15.3 | 4.9 | 10-7 $1 30 
| Star & Crescent Bran with Ground Screenings not | | 
SXCCCMUU MUL TUT ti seen en eee et ne i Grandvallasceeaasesce = 111.0 | 16.2} 3.9) 8.5 | 2800 
| Star & Crescent Bran with Ground Screenings not | } 
exceeding mill ran. xc sores eae acess eric | Vilesland. -.:22.40 ccc 10.4 | 15.6 | 4.1 | 9.6 26 00 
| Star & Creseent Bran with Ground Screenings not | 
Sxcecd mp anilicine jae genase bp eee ee eal ZTE ny ee en 11.1) 15.5: | 4.1.) 958 26 00 
SB ARR Ss ccc o<sc 10-4, 15°7 | 24,3) Ol Gib cae soe 
Peter Stepanck, Nebraska. | | | 
ie Bs allies 1 aA Shee OM LONG! poecatere 
Acme Mills & Elevator Bran & Screenings........ Grand Rapids... | *F. | 10.6 | 16.0 | 3.9 | 8.6 | $25 00 
| : / } | ; 
F. W. Stock & Sons, Hillsdale, Mich. / | 
| | [0 oe ee ae 14:0 | 3.0") 10.0 |....25. 
LETS jn ReASGS obras Gun TS BUGEOEUE Cole Taboaee ed Jackson,....... \*F. ] 9.3} 15.4 { 4.9] 9.0 | 1 40 
LOST aan a eel, Set aii eg py te Sine eee | Kalamazoo: 6: 2cccc-> | 8.9{15.6| 4.4] 8.7 1 35 
rane eee oe emcee o waeinaee seine | Marcial ec coos | 9.7 } 14.2) 4.4] 9.2 26 00 
SS) Eee EO eee 
Average..o....2<- 9.2) [Ibe A426) 8: Onis teeates 
David Stott Milling Co., Detroit, Mich. a 
+ 
OR ee ae, Sener Detroit (*F. {40:4 43.6'] 4.9" "i0.0'| 8145 
John Strong & Son, Detroit, Mich. / 
: SG NE craw ae 15.05) 425) fis anes noes tee 
Witter Wihent Bram: 3) cies Joteus oa -0 s .o eeaas Detroit... 25." F.| (822) 120) 22a e 8e5 24 00 
Thoman Milling Co., Lansing, Mich. 
JOA) Sees Oe eer mca ican eka 
Brain tese thot decree ccacre he aster tance ee wee ote Lansing........ { *Ee 8.7) j: 1520 | 3-9"), 9-5 1 25 
Universal Milling Co., Duluth, Minn. 
| *q. ee ee 
Wihtea Brant 9c Pact es tee oiaciec a ncs ee Detroit......... { *F, | 10.9 | 13.6] 4.0| 9.6 1 30 
} | 
Valley City Milling Co., Grand Rapids, Mich. } 
Farmers Favorite Bran with Ground Screenings fe eran f | PN are Ul a Sey al ee ee 
Notexcesdine nmi rgn, © 0 ont cnc 0d eels ea viele Grand Rapids... | *F. | 10.4 | 13.4} 4.0 | 10.2 | 23 00 
| Farmers Favorite Bran with Ground Screenings 
motesceeding muN TUM... o oce dec cede cece oes Forest Grove.........| 10.1 | 14.4! 3.9 | 10.3 27.00 
Farmers Favorite Bran with Ground Screenings 
notexceeding millrun......-..---52+-c2c00-- Spring Lake.......... 9:3°>) 13:9.| 4.3) 11.7 28 00 
Farmers Favorite Bran with Ground Screenings 
novexceeding millrinte. 2.2 oe cites se sere Oo oe Reed City. 0. Yyesne0- 9.3 | 15.0] 4.5] 9.0 29 00 
Average........... 0.8 bA4. ZAP 422)) AOS Ro. 222 
Voigt Milling Co., Grand Rapids, Mich. 
be Bran with Screegings not-exceeding mill | { $GnIS cece AGS Ou mtdeds LOS Osbacns secs 
Bee te et a A on nie Solara a sarPeeiaior ee ae Grand Rapids sd OR TS pia Sr cel ee os I ly (iy Ot Se aie 
Wheat Bran with Screenings not exceeding mill | 
ea ARE Ae, be Ser ee See ee Berlin. 2. ccseercseees| Dal} 15:7) 4.8) -9.4 | $2800 
Whesi Bran with Screenings not exceeding mill 
CS Wiaie alo Se Hoth Beeb airak ne Peete hile Sones Grand Haven.........} 10.5 | 14.8} 4.5 | 8.1 27 00 
Wheat Bran with Screenings not exceeding mill | 
FE re danen ieee Tawa ane eee Muskegon Heights.....| 9.8 | 14.1} 4.4] 9.8 28 00 
Wheat Bran with Screenings not exceeding mill ; | 
Se Coe ate eee eee een: (OTs TL] EAS Ot eee fg (1a bP i A Wr BR 32 00 
Wheat Bran with Sereenings not exceeding mill 
Port hel See Soigee eee PER PERIOD cen: BOPHAVER sce cesses 10.4 | 14.0} 4.0/] 8.6 | 1 40 
Average........... 9.9 14.7 | 4.3 | 8.6 | ee a 


*Abbreviations for Guaranteed and Found. 
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Pe 3 Peal fe: 
LN Manufacturer and Trade Name. Sampled at ¢ e 3 et 
Eg 2\/s|sie 
34 BO Bo) Sea 
3 = iS) 5 5 
Walton Milling Co., Lansing, Mich. 
MG aod ag tll eteraree all ots nial ere 
B 94 Lobe ON, cope tea ty NS RE SEA tor Ree A Or aN bansingeee esee: { bo) Cel Wie! Weta as Lod ar eet 7) 
B32. | Brame. Sen tate shake cee oe cia TANSING ene 8.9 | 13.6 | 4.0) 10.1 
AWVELSZOS cronies vemiie Otel 329)" | ese Ziel erie 
Washburn Crosby Co., Minneapolis, Minn. 
B158 | Wheat Bran with Ground Screenings not exceed- BGMiowahet 14.5 | 4.0 | 12.0 
ATR ATNT UTA Soya slalara fois oes ore pepe late clacton re teat UD Well amvaete oars *PS | $838) Leer See eso 
B101 Wheat Bran with Ground Screenings not exceed- 
Ae MUN ce Aes Seite ae siete heaters Benton Harbor........ 8:8. 1307) 526 hike 
B350 | Wheat Bran with Ground Screenings not exceed- 
PRE MMM see ee ete treet toreracute Nilesic) Acc. sieece ee O27 1820) |e bs oneklen 
B 1216 Wheat Bran with Ground Screenings not exceed- 
Brig rill rin 5 = ees aot wene s  sisacnteiets ie epee lee Kalamazoonens snes 9/2) | 13247) 429") Woes 
B 1253 Wheat Bran with Ground Screenings not exceed- 
INP MULTUM A. siete Wier erste ayste pale em oat eae stereos Baw Paws ity. co aserrs erst rei follelssadA | meierAyl iil 2 
AVOEABC canes cease eB 53) 10.8. 
Watson Higgins Milling Co., Grand Rapids, Mich. 
B450 Wheat Bran with Ground Screenings not exceed- *Go| das ce lide Sot eee eee 
TT Oh RESe Ent Aer EA Secmao EO nOD UCD oon Grand Rapids... | *F. | 10.0; 13.4 | 3.7] 9.0 
B597 | Wheat Bran with Ground Screenings not exceed- 
Enema Da Naps teticie carts seyoterte'nie eretesete peetaye stacoieless Howard City.......... O57) 14,1°|\ 422) Sons 
AVERALC: cio acoreten 9.9] 138.8} 4.0) 9.2 
Western Flour Mill Co., Davenport, lowa. 
| { ZG Alescee 1351-1) 4.5 | 1005 
B042' |\Blacko Hawk Branlac. asec soir cecctesaremostla ae Cadillac........ FB. | 10.1.| 14:85\5-4-5) One 
WHEAT MIDDLINGS. 
Atlas Flour Mills, Milwaukee, Wis. 
Bes \: elles Beerts 13,5, |, 3254) 10u6 
B 445 | Standard Wheat Middlings..................... Grand Rapids... \ *F. | 10.0 | 14.9 | 3.9 | 11.4 
Baldwin Flour Mills Co., Minneapolis, Minn. 
B 744 | Wheat Flour Middlings, Ground Screenings not if SGA eee 16.50) 25080 
excepding millirun\ccjaceetlscieaiiete sieraer meine Houghton...... \*F. | 10.9 | 16.1] 5.6] 6.4 
Bay State Milling Co., Winona, Wis. 
{ 9 Ol ee 15.0] 5.0] 8.0 
B712 | Winona Wheat Middlings..................-+-- Crystal Falls.... | *F. | 10.2 | 16.3 | 5.9 | 7.2 
Bernet Craft & Kauffman Milling Co., 
St. Louis, Mo. 
B589 | Wheat Middlings with Ground Screenings not : { 3Gal eros: 16.3 | 4.9] 6.0 
Exceeding millirtns. se yewitecchsii-’aeinl ota ele Reed City...... *F. | 1057 | 15285|- Scena 
Big Diamond Mills Co., Minneapolis, Minn. i 
B817 | Wheat Flour Middlings with Ground Screenings AG Allasoaee 1405 4}, 425 aes 
notiexceeding ail) rime) oo ere ernaiieieelaierey <= Di QDOer externas *R | 98) | CU6e Seip eAcielion) 
B816 | Wheat Standard Middlings with Ground Screen- EGhlncmans 1427) VAS20 | ORS 
Ings MOL excecdiNa mill WU) reared tee oe levee ele elwiely oleteserelars AR. | (SSD NAS Te eete|| eee 
C. Breisch & Co., Lansing, Mich. a 
BiOV >. l) Middltiizs..7 Motes. +c. .-acceekew eee Lansing........ Ce "40.9'| 15.6 | 4.8 | oe 
Br200> | Madd lings octet cp tis nsisievie, seco ed ome rete Masonn. saceecesinee 11.35)" 16.355) tes45) GAG 
AVETAZO ss 'sicakys eee ls T1650) aa 


*Abbreviations for Guaranteed and Found. 


ton or cwt. 


Price per 


sores ene 


seen 


Laboratory 
number 


B 86 
B 848 


w 
oC) 
oO 
roc) 


B 679 


B 196 
B 874 


B 595 
B 195 
B 283 
B 672 
B 818 
B 883 
B 888 
B 1201 


B 756 


B 737 
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Manufacturer and Trade Name. 


J.P. Burroughs & Son, Flint, Mich. 


Fancy Winter Middlings with Ground Screenings 
not exceeding mill run 
Fancy Winter Middlings with Ground Screenings 
not exceeding mill run 


Callam Mills, Saginaw, Mich. 
Middlings 


L. Christian & Co., Minneapolis, Minn. 
Matchless Red Dog Ground Middlings 


Colby Milling Co., Dowagiac, Mich. 


Middlings 
Middlings......... OCS ee REMC mens eae 
Middlings 
Middlings 


Commander Mill Co., Minneapolis, Minn. 


Wheat Flour Middlings Ground Screenings not 
exceeding mill run 


The Commercial Milling Co., Detroit, Mich. 


Wheat Fine Middlings with Ground Screenings 
not exceeding mill run 
Wheat Fine Middlings with Ground Screenings 
not exceeding mill run 


Standard Wheat Middlings with Ground Screen- 
ings not exceeding millrun................... 
Standard Wheat Middlings with Ground Screen- 
ings not exceeding mill run 
Standard Wheat Middlings with Ground Screen- 
ings not exceeding mill run 
Standard Wheat Middlings with Ground Screen- 
ings not exceeding mill run 
Standard Wheat Middlings with Ground Screen- 
ings not exceeding mill run 
Standard Wheat Middlings with Ground Screen- 
ings not exceeding mill run 
Standard Wheat Middlings with Ground Screen- 
ings not exceeding mill run 
Standard Wheat Middlings with Ground Screen- 
ings not exceeding mill run 


Crookston Milling Co., Crookston, Minn. 


Flour Middlings with ground Screenings not ex- 
ceeding mill run 


Cc i i a 


John P. Dausman Milling Co., De Pere, Wis. 


Fine Middlings with Ground Screenings not ex- 
ceeding mill run 


ed 


Sampled at 


*G. 

Bay. Cityonsee an { =H 
Birch Runes 5.6: 
AvVerageseaecescc 
(eG 
Saginaw........ eae 
f*G. 

Port Huron..... Nese 


*Ge 
Clinton, ess: { *F. 
: {*G 
Detroit......... \ SE. 
Pontiacer Sesee. aes 
Average........... 
( 
Howard City.... | *F. 
Detroit.: eee aaa 
Detroiws sias see 
Miorenelsy adh oaks. ex: 
Ukapeen tea tae eter 
Birmingham.......... 
Royal Oak sack seen. 
Kalamazoo....:0..... 
Average... 3.00. 85.. 
i; 
Hancock....... EAS 
i; 
Ontonagon...... | *F. 


“Abbreviations for Guaranteed and Found. 


A 
2 4 
3 5 +s 
#/2|3 
So \wer ioe 
= 6) iS) 
"8.91 15.6 | 4.6 
11.1/ 14.0] 4.2 
10.0 | 14.8 | 4.4 
$20°0- |. 13:8 | 63:7 
bee 16.4 | 3.2 
10.5 | 15.5 | 2.7 


alle 
On 


Crude fiber. 


Price per ton 
or cwt. 


1 50 


we 
oo 


STATE BOARD OF AGRICULTURE. 


| Crude fiber. 
Price per ton 
or cwt. 


7 -Odl gees ea 
6.5 | $150 
7.8) ores 
7.7| 2250 
6:14. ose 
4.8| 27 00 
10,0'| vee 
9.0 155 
7.0027 eee 
4.1} 29 00 
700 hss) eee 
6.5 150 
6:7 |. eee 
6.0 155 
6.7 155 
6.2 150 
6.3. 
Ua Wee ee 
5.6 | $1 60 
rai Rose 
5: 8-| Sener 
“ysl ares 
oar 
305 ls) oe 
2.3 175 
3a eee 
2.7 150 
7:5 |S aceeeke 
7.2| 28 00 
myles 46 
m0 come - 
7.0 135 
6.4] 3500 
6.7 
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28 Manufacturer and Trade name. Sampled at ¢ z s 
58 ab Mp 
a S|e| 
4 = iS) iS) 
Duluth-Superior Milling Co., Duluth, Minn. 
B736 | White Middlings Ground Screenings not exceeding | Gaal acares 16.5} 5.0 
TON TUN Sts nc hee te eee eee | Ontonagon...... *Fe 10025) eae Sy ioe 
B754 | Standard S Middlings with Ground Screenings not be CPt Ree 16.5 | 4.8 
: Oxched nmi UME: <i. cc wis is ete sinner ale aerate | Haneock....... bas ed AY Cereal Ree ays 
Duluth Universal Milling Co., Duluth, Minn. 
B755 | Wheat Flour Middlings with ground Screenings SG Sil eeieds 17.0 | 5.3 
1 Se notjexceeding mill runs. s2/ccee Sos ee pekinese Hancock....... SRE 10295) Sse 3 ane 
Eagle Roller Mill Co., New Uim, Minn. 
B771 | Wheat Middlings with Ground Screenings not ex- | ea een Se 14.2| 4.4 
ceeding mill run secs. oe eee aeons Sotees Sault Ste. Marie. | *F. | 11.3 | 15.3 | 4.2 
B. A. Eckhart Milling Co., Chicago, Ill. 
| id atl cae 15.0 | 4.0 
409" + Rlour Middlings:-< s2tcdeecs aac: Aeareeeae este Grand Rapids... | *F. | 11.2 | 15.2 | 3.5 
B865 | Middlings with Ground Screenings not exceeding | Gre | aoeretare 14.0} 4.0 
|” ~maillinantise: 3 o~ Seoieeahee eee ee oe Cass City. ..... 7 | Olas 1G 270 
Eldred Milling Co., Jackson, Mich. 
[PAG ase 16.9 | 6.2 
B233)- | Pure Middlingasc: 2 tae cet atisorcecrs tise aren tate Jackson........ \ SE. | 10.35) 1522)" 423 
i237. 4 ePure Maiddlingst. c..sctevtetperstera deren tote tates otal | el ACKROWS) oorantert teers 10.3 | 15.4 | 4.3 
BiGO2: |) Bure! Middlingst® ice ceeiac ocacteite ce cteante seas Rives Junctian........ 10°551915.5))|) “452 
JA VELALC ik <cicfe ate 10.4 | 15.4) 4.3 
The Gardner Mills, Hastings, Minn. 
B762 | Snowball Wheat Middlings with Ground Screen- [AG less aas 15.0 | 4.0 
ings not exceeding millrun..................- Negaunee...... VBS (ca) 1b s9 sr 48 
B758 | Snowball Wheat Middlings with Ground Screen- 
| ings not exceeding millrun.................-- Mancotk<- <<. ep cnet 1165 1/15 4a 48 
Avene: ooh ee [11.5 | 15.7| 4.8 
Goshen Milling Co., Goshen, Ind. 
{ erulbaaane 14.5} 4.1 
B 363 | Middlings with Ground Screenings..............- Nilégio tat pa con *F. | 10.7 | 14.6] 4.0 
| Harris-Milling Co., Mt. Pleasant, Mich. (+c 
BS2) "| Middlings, 7.) 4 308 oa eae oe Mt. Pleasant....\*F. | 7.6 | 16.0) 4.8 
The Huron Milling Co., Harbor Beach, Mich. 
"Gallons eee 13:0 |. 2:5 
B839 | Jenks White Middlings.................cc e000 Sandusky....... *F. | 10.8 | 13.3.) 2.9 
Silman 13.6 | 0235 
B 843 | Jenks White Middlings............0..-0.tecee0s Harbor Beach... | *F. | 10.9 | 14.8 | 3.0 
Ismert-Hwake Milling Co., Kansas City, Mo. 
! { Se alee. oh 170 aaee 
B 1029 | I H Standard Middlings with mill run Sereenings. | Traverse City... \ *F. | 10.6 | 16.7 | 3.8 
Jonesville Milling Co., Jonesville, Mich. *G 
B259 | Winter Wheat Middlings................ ees ie Jackson........ { *F. |'10.2'|13.8 | 3.3. 
Kehlor Flour Mills, St. Louis, Mo. 
B85 Rex Middlings with Ground Screenings not ex- { MGrol sc ler 16.0 | 4.0 
ceeding ranll rims foe ho doen tee ce fee ayubyness a eR) 825) 18 sal oe 
B586 | Rex Middlings with Ground Screenings not ex- ‘ 
Geedings mill run secticc ca. lseaiee et eeaeese Reed City: 0. nsec 10.9 | 17.7} 3.9 
Avveragey.n?. +0 «ns 9.7 | 17.9 | 3.8 
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Laboratory 
number 


J.B. A. Kern & Sons, Milwaukee, Wis. 


B733 | Wheat Flour Middlings with Ground Screenings 
miotexcecding milliran- 2.76. /oes 20s oeGiace sce ae 
B58 Wheat Standard Middlings with Ground Screen- | 
ings not exceeding mill run................... 
B553 | Wheat Standard Middlings with Ground Screen- | 
ings not exceeding millrun................... 
B 652 | Wheat Standard Middlings with Ground Screen- | 
ings not exceeding millrun.................-- 


King Milling Co., Lowell, Mich. 


Bad? ~ "Kamen Middiings.c....... 206-0 cseee0s8eete ene: | 
Bore. .|| Kamoo Middlings.. 0.20.0 -0eeacecs0rs sensei L 


Bil034-) (Kameo Middlmese i523 “se ce nesters eene tas ae: } 


| Chas. A. Krause Milling Co., Milwaukee, Wis. 


B161 | Badger Fancy Midis with Ground Screenings | 
not exceeding millrun.................3-.4-- 
B522 | Badger Fancy Middlings with Ground Screenings 
Not exceeding millrun: 5.2% c26. ehh cop semen 
B622 | Badger Fancy Maddings with Ground Screenings 
feenoexecedinzimillruns..- ....c6baa. cece ee 
B 1224 | Badger Fancy Middlings with Ground Screenings / 
NGL OxCecaing MUI PUN sc.. e eee ce new ese | 


Manufacturer and Trade Name. | Sampled at 
| 
} 


Crude protein. 
Crude fat. 
Crude fiber. 


Grand Rapids... { 


J. C. Liken & Co., Sebewaing, Mich. 


Winter Wheat Middlings...................2..-- [MPigeor''s.c «aces 


Lalla ac we OF OT 


| Listman Milling Co., La Crosse, Wis. 
B706 | Elmco Wheat Middlings and Screenings.......... | 


Madelia Roller Mills, Madelia, Minn. 

B 1036 | Wheat Middlings oe Ground Screenings not 

Rot exceeding mill TUN. wise ase. caer eiasde'w steve 
Marshall Milling Co., Marshall, Minn. 

B 760 eat Shorts Ground Screenings not exceeding 


1337-2 fay 0G [FLT fe eos IRIE Cee oO er 


Blo are MMM inga Ane ae wera get ceanclonteenina ass o nists 


National Feed Co., St. Louis, Mo. 


B 189 mee eee with Ground Screenings not ex- 
ceeding mill sunset Sek dense owe aaa tein 
B859 | Wheat Middlings with Ground Screenings not ex- 


Oo 
No 


Seedinp mill fins ccs deo ac cd etco aces 


*Abbreviations for Guaranteed and Found. 


Price per ton 
or cwt. 


1 70 
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Laboratory 
number. 


B 375 


B 698 


B 696 


B 676 


B15 
B 166 
B 701 


B71l 


B 1233 


B 1286 


B 356 
B 386 


B 65 - 


B39 
B 841 


B 40 
B 855 
B 861 


Manufacturer and Trade name. 


New Era Milling Co., Arkansas City, Kan. 
Middlings and Shorts 


New Richmond Roller Mills Co., 
New Richmond, Wis. 


White Flour Middlings with Ground Screenings 
not exceeding mill run 


Northwestern Consolidated Milling Co., 
Minneapolis, Minn. 


Wheat Standard Middlings with Ground Screen- 
ings not exceeding millrun................... 


Northwestern Elevator & Milling Co., Toledo, Ohio. 


Wheat Middlings with Ground Screenings not ex- 
ceeding mill TiN 3c. ie -oS2 Se Sate lee w cleareieteceies | 


Owosso Milling Co., Owosso, Mich. 
Ceedee Middlings 
C. A. Parshall & Co., Howell, Mich. 
Middlings 
Pillsbury Flour Mills Co., Minneapolis, Minn. 
Wheat Standard B Middlings with Ground Screen- 


ings not exceeding mill run 
Wheat Standard B Middlings with Ground Screen- 


Sampled at 
(F 
INtles: essere *F. 
(+F 
Gladstone Safaris nl 


Cheboygan...... 


ings not exceeding mill run 


G. P. Plant Milling Co., St. Louis, Mo. 


Wheat Middlings with Ground Screenings not ex- 
ceeding millrun 


Postum Cereal Co., Battle Creek, Mich. 
Fine Middiings 
A. H. Randall Milling Co., Tekonsha, Mich. 


Middlings 
Middlings 


Reliance Mercantile Co., Saginaw, Mich. 
Middlings 
Saginaw Milling Co., Saginaw, Mich. 


Blue Bird Wheat Middlings with Ground Screen- 
ings not exceeding mill run 


Blue Bird Wheat Middlings with Ground Screen- 
ings not exceeding mill run 


Samico Feed Middlings with Ground Screenings 
not exceeding mill run 
Samico Feed Middlings with Ground Screenings 
not exceeding mill run 
Samico Feed Middlings with Ground Screenings 
not exceeding mill run 


*Abbreviations for Guaranteed and Found. 


*G 

Morenci........ { *F, 

2G; 

Owosso......... { “EF. 

2G. 

Howell, 5503241 { sis 

*G: 

Escanaba....... { 64 Oe 
Crystal Falls.......... 
Average, cesenecoe 

{°G 
So. Haven...... Ey 
{ 2G: 

Battle Creek.... | *F. 
{ *G. 

INilestaeeecsnene =h. 
Dowagiats ss, -ticisctetts 
Average. conse ae 

{ *G. 

Saginaw........ *h. 
{ *G. 

Saginaw........ “ie 
Sandusky -"-Gccunecae 
AVerage sj. c ste eae 

{ AC 

Sacmawssa.cu. 7k 
Vassar edi. iss sit ener 
Caro: ceceaueicee atten 
AVGTS20 neato cecal 


A 
= 
. ° 
B | & 
2 us) 
° 
SRI 
eee 17.0 
9.9 | 16.5 
ree ae 13.0 
9.8 | 14.4 
Seles ate 15.0 
9.9 | 15.2 
ate 15.0 
9.4 | 15.4 
10.4 | 14.4 
"10.8 | 14.4 
ce 14.0 
10.2 | 14.9 
9.2 | 15.4 
9.7 | 15.2 
eee 17.0 
10.2 | 17.9 
10.0 | 15.5. 
St Sy 14.0 
1O%St toes 
Dba) 1427) 
10.9 | 15.0 
‘10.2 | 13.5. 
Hh oe 15.0 
9.0 | 14.8 
957) | a0 
9.4 14.9 
Seas 15.0 
9.6 | 15.3 
1 Sa mkood 
9.1/| 14.4 
10.0 | 14.9 


Crude fat. 


4 =] 

12 

S 

3 | 3. 
= 25 

eer: 
10.0 ‘cp eecme 
3.8 $1 60 
EON BE sah 
6.5 1 50 
11503) rece 
8.8 1 30 
6.5 | Somer 
5.5 30 00 
ogres 
ore ern 
0G FU sca cc 
10.1 150 
7.3 1 40 
ce a (P= 
G2O els aReiner 
5.3 $1 50 
sagegefenensnge 
8.05] seemete 
5.5 1 60 
5.2 1 45 
5.4 cee 
"2.3 | $160 
L108) reser 
6.5 26 00 
6.5 175 
6D: |\sdenmtents 
11.0 Jes seeees 
5.9; $25 00 
6.5. 29 00 
6.9 1 60 
Gikic Secrets 


number. 


| Laboratory 


B 1025 


B 552 


B 242 


B 329 
B 295 


B 186 


B 119 
B 263 
B 293 


B 539 
B 934 
B 1007 


B 516 
B 936 
B 937 


B 1226 


B95 
B 133 
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Manufacturer and Trade Name. 


Schultz Baujan & Co., Beardston, Ill. 

Sunbeam Middlings with Ground Screenings not 

exceeding miullirun’ cos eeco. oe ceccceccense 

Star & Crescent Milling Co., Chicago, ill. 

Star & Crescent Middlings with Ground Screen- 

ings not exceeding millrun................... 

F. W. Stock & Sons, Hillsdale, Mich. 

Wheat Middlingst:>.7acsemecnes concerts 


David Stott Milling Co., Detroit, Mich. 
Hine White: Middlings’ . oc0.s¢.cccjes.0 ar sierein vio e ots 
Pennant) Middlingsttt12). c.cceccee secene tase ee ce 


J. Strong & Son, Detroit, Mich. 
Winter Wheat Peerless Middlings with Ground 
Screenings not exceeding mill run.............. 
Thoman Milling Co., Lansing, Mich. 
IMiddlinipas: (aa. eas on etc tae aaeunwa saane 


A. H. Tucker, (Concord Mills). 
IMS Adin pase ee Foie oho ie an odes ceive ee ee 


Universal Milling Co., Duluth, Minn. 
Wheat Middlings: =<... cicce as sis.cnmis lnecieineereere 


Valley City Milling Co., Grand Rapids, Mich. 


Farmers Favorite Middlings with Ground Screen- 
ings not exceeding millrun................... 

Farmers Favorite Middlings with Ground Screen- 
ings not exceeding millrun................... 

Farmers Favorite Middlings with Ground Screen- 
ings not exceeding millrun..................- 


Voight Milling Co., Grand Rarpias, Mich. 
Crescent) Middlingasis. ssc Oss desis ods nsanceners 


Crescent iMiddlings, soeeccc Sesccnieaeserscre cs 
Crescent Middlings: -.\). tise cascode ~ ct ete nee 


VoightPure Middlings: <2. 22) .\.01skics-k ceninen 
Walton Milling Co., Lansing, Mich. 


Mid lin a creractersin siete stein sietsisis‘o.cse = # niassrotanccoetets 
Mid linia s Soe mee rsstereratcial-fecisictesiacis sie cisssiece 


Sampled at g 

3 

= 
{ FG eee. 
Manistee....... SRE P106 
{ Cai sanape 
Muskegon...... S|) O82 
{ PGyal Sea 
Jacksonlne sisi KH jo tie2 
SGP sacar 
Datroits. sane Jig 9.4 
LC Ae ae 
Detroit......... cad ey jal 8 
{ ti 6 red ero 
Detroite,.. scr "KF. | 9.4 
{ eGronlttecs a 
Lansing........ *F. | 6.6 
(3G heaecie 
Jackson........ Fy | Liat 

| 

(3 Lanes 
Detroitiiy.cetsce 7K | 10.8 
*G ar 
Spring Lake. ... { *F, 9.8 
Sturgise2eoo. dee cee 10.9 
Whitecloud........... | 9.6 
Average...........| 10.1 
AGC 
Vriesland....... AM ahs 
White Pigeon......... | 11.3 
White Pigeon......... L2 
Average........... | 11.3 
{ i eres 
So, Haven...... ele) hs 
Le A lap eciae 
Lansing........ ccd Oe (AL) 
GMS Sloe cis aoe we eee 10.2 
Average........... 9.6 


*Abbreviations for Guaranteed and Found. 


51 


A 

ao 

-) 3 

a | & 

o o 
a ae! 

= ze 
16) 16) 
15:0'| 3.5 
16.7 4.1 
15.0 | 4.0 
14.1 5.8 
16.5 4.0 
15.1 3.d 
14.5 4.0 
15.4 4.8 
17.0 | 5.5 
15.4 | 4.6 
17.0 5.0 
13.8 | 42 
"14.8 | 4.8 
“1BL2 se: 
TOs |a53 
16.4 | 5.3 
15.2] 4.5 
15.9 5.1 
15.6 | 4.9 
14.9 4.7 
15.5 | 4.9 
15.0 | 4.0 
16.6 4.8 
15.3 4.8 
Iroore 
15.1 4.3 
14.0} 4.0 
15.6 4.1 
Ma:3)| Acie 
13.9 4.7 
14.1 | 4.4 


Crude fiber. 


ee eens 


see eee 


Pricer per ton 
or cwt 
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a 
P. 2 E 8 
3 3 Manufacturer and Trade Name. Sampled at g 5 2 4 
Bg » o 2 o 
os 422] uc as) cs 
ag 3° =] 
E =1/5/)/85/8 
Washburn-Crosby Co., Minneapolis, Minn. 
B156 | Wheat Standard Middlings with Ground Screen- { Se aoe orcs 15.0} 5.0] 9.5 
ings not exceeding millrun...................| Howell......... *h | 9.5 | 15.8)) 6.09) 1825 
B 1227 | Wheat Standard Middlings with Ground Screen- | 
ings not exceeding millrun..................- So: Haven\i..tes mc. 9.9 | 14.5) 5.6'| 6.7 
IA VEAL Crasc's\svelclacre 9.7 | 15.2] 5.4] 7.6 
B 1031 | Wheat Middlings with Ground Screenings not ex- { iC AR Mocpaa 14.0 |} 4.0) 11.0 
Ceeding mill uns). sre cients clsisies cle ote olelarcierele Traverse City... | *F. | 10.6 | 15.3 | 4.8] 9.1 
B 1254 | Wheat Middlings with ground Screenings not ex- 
Ceeding= mil rinses sei cae eroclenia scleisiieiseer Paw Paw ge sue cane 9.0) 15-9) | °S253)5 8.0 
IAVETALG! acrctacteisis<15 9.8 | 15.6 | 5.2] 8.6 
Watson-Higgins Milling Co., 
Grand Rapids, Mich. 4 
a Cra BSS alnteric a neces aeoc 4 
B449 "| Wheat Middlings? 2 .0.5.......cscicessncsacsncee= Grand Rapids... { 4B. | 1120) 1521 | 46a) 42s 
Yale Milling Co., Yale, Mich. 
SG lavsiwd tll scoters oll inte ee oheneeets 
BiS2i) s\n Ground iid dian pees cee stato sayielatcie cts ee teeta Port Huron..... { FE) OSS) bth ose | ae 
WHEAT MIXED FEEDS. 
Huron Milling Co., Harbor Beach, Mich. 
B 687 | Jenks Wheat Mixed Feed with Ground Screen- { SGicalt 5 .cetora 13.2 | 4.6°) 5:9 
ings not exceeding millrun................... Alnenaeeetcct. - *B | 907) |13.5°| 4.0) evnaal 
B 822 | Jenks Wheat Mixed Feed with Ground Screenings | 
not exceeding mill run.............-0-0e+00% ho OLGhUnOM eee erin nee 9.2 | 14.2 | 3.9) 8:0 
B838 | Jenks Wheat Mixed Feed with Ground Screenings : 
Not exceeding mill runes sme i,e ctlelaee aie ts nee ancuaky tcoecieles asters 93/1321" -S.7A)) ees 
B 842 | Jenks Wheat Mixed Feed with Ground Screenings 
not exceeding millrun..............+.eceeees | Harbor Beach......... 10.2 | 15.0 | 3:8) ‘8:1 
Average......2.+-+ 9.6 | 14.0] 3.9| 8.0 
| Chas. A. Krause Milling Co., Milwaukee, Wis. 
{ (esl Aeteseroe 12.5 | 4.0| 9.0 
B519 | Badger Fancy Mixed Feed..............-.-...+ | Forest Grove... | *F. | 9.4] 18.1] 5.3} 4.2 
Peninsula Milling Co., Flint, Mich. 
{ of OA cas 15.0} 4.0] 9.0 
B Sho...) Wheat, Mixed Reeds: 2 2iccauciacecmes Sasemiaceitere Hint: save eae Bol O62 1474). 5 eae 
F. W. Stock & Son, Hillsdale, Mich. 
B 239 | Monarch Fancy Wheat Feed with Ground Screen- [fi C5 aes 16.0 | 4.0 | 10.0 
ings not exceeding millrun................... Jackson........ FBS) 69.1) 1579: <4 eS ares 
B 921 | Monarch Fancy Wheat Feed with Ground Screen- 
| ings not exceeding millrun.................-- Hillsdalect;, s..nteeee 11. 15| 45-56) AS eed: 
IAVETAGOS oats.s cco 10.2 | 1527). 453) afe9 
{ "Galles eae 16:0) |) 4:5) oreo 
B922 | Superior Wheat Feed and Flour................- Hillsdale....... *PS | 10/26 |) 14520) S290 Gra 
Valley City Milling Co., Grand Rapids, Mich. 
ee 4 : { Gala ose 16.8 | 4.4] 7.9 
B 474 | Farmers Favorite Cow Feed...............--0+- Grand Rapids... \ *F. | 9.5 | 14.7 | 4.8) 8.8 
Washburn-Crosby Co., Minneapolis, Minn. 
{: Saletayaetee | 17.0 | 5.0} 16.0 
B99 Wheat Bran & Middlings..................200-- Benton Harbor.. | *F. | 9.5 | 16.3 | 4.9} 5.5 


Price per ton 
or cwt 


sere eeee 


er 


eee ee 55556 
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ANALYSES OF FEEDING STUFFS FOR 1915-1916.—ConTINUED. 
] | 
Lat ba 
z ke Py g | ve 5 8 
£3 Manufacturer and Trade Name. Sampled at BP |Roare [es f=} St 
g g S o | BE) o as 
aa @|E|E| 2 | 28 
= ee On| Oso nae: 
| _——_ vail 
WHEAT AND RYE MIXED FEEDS. 
Northern Milling Co., Wausau, Wis. 
| AG: | 625251 160i AOL eaaOhle eh acon a 
B718 | Wheat and Rye Red Dog.................+.0% | Crystal Falis....\*F. | 11.0 | 15.7) 4.3) 1.8 $2 00 
Cereal Mills Co., Wausau, Wis. 
2G5\5 eae 15.0} 5.0 Sr OUeae ee 
B729 | Wheat and Rye Middlings.................+-- Iron River...... Pe OT e165) ASS) oe 1 50 
| 
RYE MIDDLINGS. | 
Commercial Milling Co., Detroit, Mich. | 
RGa reece 120 220 Soo ie eaten 2 
epoca | abey Calida IMs petro crore taceavel> a svo,era(s wel ain ausiores Detrolte cust VE | 9.6/ 15.4) 3.1 | 4.8] 14 50 
Norvell Roller Mills. ee 
Weis. | Faney Rye Middlings.:.....<.-..-<-,--«-<.s6 | Jackson........ \ *F. 11.1 |14:3'|' 228 | 3.9 | 26 00 
| 
| David Stott Milling Co., Detroit, Mich. at eee | 
B 331 | Coarse Rye Middlitgas 6 tec cire accjee erie wee te Detroit... VE |"i2:9°|'10.3| 1.5 | 2.0 | 1 40 
| | | 
OAT MIDDLINGS. | 
Beck Cereal Co., Detroit, Mich. 4 
B 284 | Coarse Oat Middlings...............2.0-e0005 Detroit......... - 6:6 | 13.30) Ielelaeel. 16 80 
B285 | Fine Oat Middlings.,............0.20c0seeees Detroit......... Cpl ey 0 fe (ll ay 2 ee 1 40 
Bi280 || tine OatiMiddlings, <= ....coe vetenee s oeeee cote Detrortin ce ..feceecaae 7 ASI6s6: |oetiee eli 24" 1 55 
Averapes) 4. seas oss T4 WOG2 Ge ieo4 | Lt 45 eeticccres 
BARLEY BRAN. 
Postum Cereal Co., Battle Creek, Mich. 
/ 9g ORR ee 6.0 MS: | BAO |e. carte ats 
Bimro5et| Pane ibram.s 9 70 ov cote en eee Sees Paw, Paws; «ss *F 8.1 } 12.7 | 2:5 | 14.1 $1 30 
Byle(S|ebarley BEAMS 0 cs ge tls vae ete eeistiocls ciaae ete Battle Creek.......... 7.5 | 12.3 | 3.2) 11.9 18 00 
Average.......-++- 7.8 | 12.5| 2.9 | 13.0 1........ 
CEREAL FOOD BY-PRODUCTS. , | 
| | 
Grain Products Co., Battle Creek, Mich. a | 
B 1302 | Corn Flakes Residuum................200++++ Battle Creek.... F ye A aa a "$1 10 
B 1303 | Wheat Flakes Residuum..............0.0..0: Battle Creek....\*F. | 5.5 | 16.6) 6.0) 4.3| 1 10 
Kellogg Toasted Corn Flake Co., 
Battle Creek, Mich. 
: a3 Ol ee 6.9 Pay A teal 1 he: Sel Sat Pye ese 
B667 | Dried Corn Flake Feed............-..sec000% Adrian). ...:0.% *F Te 728 2.0} 0.7 28 00 
B 681 | Dried Corn Flake Feed...:.........0000e000e- PRectnnselits25s tao Ss0 | Sek 20s) ors 1 50 
B 1273 | Dried'Corn Flake Feed..........0.0c0-eesvece Battle Creek.......... CIP lead (Ot ies! | 0.9 24 00 
| Average.......+++. Wigan 6-|2 ton || Aneel. e 
En ee een alucyts. ella 
B 1308) | Bran Sweepings: <2 260. .0002-0.06008002» vos Battle Creek....\ *F. | 4.2 | 13.8) 0.6) 1.1] $100 
| OMe eee a ais sles ean 
B 1271 | Broken Wheat Biscuit. ...............0s02008 Battle Creek.... ae 5.0 | 13.5 LeSiests | 25 00 
B 1307 | Floor Sweepings.............2.0se0eeeeeeees Battle Creek.... | °F. (8.6 (15-4 | 3.5. 45) 100 
Bi3il | GranolaSitingsa........-.000esssevecse eds Battle Creek... © "5.6 | 16.1| 3.9| 7.3 "130 
B 1305 | Middlings By Product...............-.-0e0++ Battle Creek... oa in | ia 2.2") |" "130 
a atele tapers [etait ata Bee Cue tee| Gtr nen 
EST OMT CL ECIMIPR: 7c, 7-07 21a tse du ote cre on sions hea edict sce Battle Creek.... | *F. | 11.8 | 11.6 | 2.2) 2.5 | 1 00 


*Abbreviations for Guaranteed and Found. 
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Bs - | Slee 
33 Manufacturer and Trade Name. Sampled at g me 3 +e BE 
ee _ Oo oO o °o 
EE S73 | 2 | eee 
4 = 5 6) 5 AY 
Mapl-Flake Mills, Battle Creek, Mich. 
SG ii oeibote 1230: | 2405) (6205 Sc 
B 1262; | ‘Mapl-Mlake Mead: 932 ta scence he ore eee Battle Creek.... | *F. | 6.5 | 12.2 | 4.5 | 4.5] $25 00 
Postum Cereal Co., Ltd., 
Battle Creek, Mich. 
, ; Glace 11.0 | .2:87) 48:03): 
B 1276 | Cereal Feeding Stuff..........0...0cs0ecceeeces Battle Creek.... | *F. | 4.2 |} 12.6 | 2.8 | 11.5 10 00 
AGH ia.pcms 15.0") ) 250): 222 ON eee 
BAS THO RX esd se cocks waren becca noseeeeeee eee Battle Creek.... | *F. 6.2 | 17.6 | 3:8 | 19.2 9 50 
BiSo Ome OX Reed |.:c7. gascotiteacem eee ee ee BirchiRunyeeeeeeenes 6.5) /MISi85, Alaa iar 1°35 
B25 54 (ORXe Weed: aren tyson ray eer eee Paw Pawns eeeiicanc 8.2 | 18.4 | 3.8 | 17.8 85 
|  Average........... 7.0°'| 18.3-|  3.9)| 18° eee 
5d Ca IS ae 850.) 2120) |) 520s ereeerme 
B256, || Hlaked(CorniRecdessen.eeeee se caaecee nee eee Jacksonij.,.... oo USES. | 12.0) 9587), (0:65); (0260) iste 
BiGd4 5 | sWlaked\CornMeeds see sce co cen eee eres North Adams......... 6.5 | 7.9] 0.4] 0.7 1 40 
BiG58 > |PElakedi@onntMeed eo uece an an ate eene ee noncee Hudson! -Aeeeee nee 6.31! 11.0 125 1.0 1 40 
BiG59)» | tBlaked Gorn Heedacse ss aon hohe eee Eudsonins beac sea 5.6) | 0.901) OSS SOL vonloeeeeee 
Ba251 4! laked Cornleed yore. ctan ne teen one cee eee Paw iP Aw. cues ceitareue 628.1) 2372569) OSA ONG 1 45 
Bil 27on|sPlakedi@orn heed seme vce cevnen orn Battle Creek.......... 6285) 8:3) |> Olsen 23 80 
Average........... 7.2°|-838.) 007 0 58aae ame 
: AS BU nna 9.0 1.0 225° etanentaiee 
B 1248 olGaN seed =. oer brny st ess ee ee eee Pawsbaw,.ceeenc i elf Hifeaayelboe Ray) Sealey GG $1 45 
Bil 279) || CGENiFeed he We see ees een oem ees Re Battle Creek.......... 6.55 | 10260| Lie ies 25 00 
Average aonn.ceeee 6.0° |) 1028:;|) “1c2) | e258 eee 
bei laetioos 9.0; 0.5 O.8 Wiicsetenre 
B 1277 | Special Feeding Stut..............-.2-2e0eeeee Battle Creek....\ *F. | 9.8 | 10.5 | 0.8; 0.3 | $26 00 
MISCELLANEOUS FEEDS. 
Michigan Cereal Co., Port Huron, Mich. 
*GZillnear cere 14.0)| 1,22) 36205) saeceee 
BiGS4%5 | PeaiBran. acdsee. eeotee eer ed oe ee Port Huron..... *F Tok | UTES A POEs errors 
Molasses Co. Ltd. London, England. 
( BAe Seve TAM terrae 740) cere 3 
B 319 | Molasses Meal..... ob Vidlote Bis leo Cae PRE CR ate Detroits...<.ses *F. | 1524: |2 O20). 2007 iy soe aeons 
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FEEDING STUFFS LICENSED FOR YEAR ENDING APRIL 1, 1917. 


A number of requests come to the office of the Chemist for information 
as to what feeds may legally be sold and to supply this information a 
list of such feeds together with the guaranteed analysis of each is given 
in the following pages. 

The list comprises 896 brands, representing 155 manufacturers and is 
complete at the time of going to press. Failure to find a particular 
brand in this list indicates one of two things; either the feed is not li- 
censed or has been licensed after this bulletin was printed. In either 
case it would be advisable to write to the Chemist in Charge for infor- 
uation as to the status of the feed. 


' Crude Crude | N-free | Ether 
protein. | fibre. | extract. | extract. 


American Hominy Co., Indianapolis, Ind. 


EVO rIC OTe IE ed pees oh Server aise crt tater evb nage olaTor ses eerere inva oie e televoreisrs/ale se7sie(6i6i67s/e(0) reff 17.00 7.00 | 53.00 5.00 
Lalntdnlecilunalter Reape aheni 4 ook cbbioneDcooboos dCaohobbte aubd pabboaoocsaookm 10.00 7.00 | 58.00 6.00 
American Linseed Co., New York, N. Y. 
OldsProcesaWinseed: Onl Meal ec. scissors ecerei crete or ctovesskeseYave Riayererelei niles elvintalaieinio.ciete \eyoleie= 34.00 9.00 | 42.00 6.00 
American Maize-Products Co., 135 William St., New York, N. Y. 
@reamiof CorniGlitendeeed site ctw cratare: cs corte ais cleercte moval ola eycorveeciale oveldirisioin leitieusreastors 24. OOH Seb Oueee eee 1.50 
American Milling Co., Peoria, III. 
Manno bairycl cod: sre sacra en cc eie eee eee tale ees ae Fora tine eaternws sista 25.00 | 14.00] 30.00]........ 
PATAC OI MAbiM aicer tons ec elniore ca ctoie: ote aiaiarerave¥eteravotn dc) soles wysroyeca emavateees ote ereeterslelotaicveleicrate 10.00 | 12.00 | 50.00)........ 
Ameo Old’ Process Linseed Meal. 53 %,3.-05 2.5 cciiercicccse: oon ehoterorereys oi sbasstalane ols ele pcfaielspelaveons 30500) is 102001) 30500) 1h face 
Cluck Cluck Scratch Feed........... egumoncudecdnodnb od see Ie od res eh tee A ea 10.00 5-00) |PG52 00) | senses. 
@lack Gluck: Scratch Weed with50G Grits. iis ocr ce < clarence sisters eislcteialoisl= al isiinni cele clare 10.00 9200) |) (65200) 26 saan 
Aircrene Call Meal 22 deve cists ctcitesoteacpaeua eines ciatavcloe cael ctertlase cisteaie sisicneceeietate oie is siosetaistets 20.00 SACU UAl meee eee 5, 
Sircrane (hick MOG .iivcric ce woke < oraynicte'ols: ones. olel auuropetetede: 6/0 wikatatel suaunteleto uhsteualsls sicher sits 10.00 SE OOU EGS 008 Seems 
Sucrene Dairy ars oe ere CINE Sadie ticralea ks acictsesiem|| eLOsOON)) ~ LaZ 00) 46) O07 eee 
GuoreneilorivVieal., sacs ane eeulele co. 16.00 | 10.00 | 46.00 ]........ 
Sucrene Horse eed (with Alfalf A) Statens 10) 000 |) 12700"! 50. 000 eae 
Sucrene Poultry Mash................... 18.00 9:00:| “502000 Nase. 
Sucrene Scratch Feed.................45 10.00 DEOOLH G5 J00N ee enaces 
Sucrene Scratch Feed with 5% Grit....... 10.00 5:00) )|/8 165, 008 |hae ee 
Tip Top Alfalfa Horse Feed.............. 1ORO0) 9125008 |e 50200n ences 
Minel op scratchy Reed ony ceca seis ae steele loie’s exciene sia i atgelwn O00 5.00 | -70.00 |........ 
Tip Top Scratch Feed with 5% Grit.................. Ge aah Peels aS eae AN AS AA 10.00 3-00! |e C0200) epee. 
Arcady Farms Milling Co., 208 So. La Salle St., Chicago, Ill. 
(RIKD) tArcady Calf Meal Sette tenner Sint cicterereterae aici aislorcieldeisie sles lotwcleloioaya se wisiaese 25.00 7.00 | 50.00 5.00 
(RED Arcady Certihed Dairy, Need 5 c.cccelcietecsre nes eis sites atelele siviel<teinisterele erere siate 18.00 | 15.00 | 60.00 3.50 
(RED) tArcadyiDairyvaleed Sak ce cineca cirecieminn sie +l, « ac bein ceiciete ee eumaiciareteletolerare aie 16.00 | 15.00} 60.00 3.50 
PRK) Artady: Morse Heed erse-cesistareteicerecs s\celsce nem estaloiclee ciatelae otsteitaciretneais Sed tothe 9.00 12.00 | 65.00 1.50 
Archer Daniels Linseed Co., Minneapolis, Minn. 
Old Process|\Ground' Oil Cakes. cs. ciate cscs wa eee cis scien sete seme riniointsto s siaseleiete </els6 2 S200) | eel OOS ascites 6.00 
Armour Fertilizer Works, Chicago, III. 
Armour’s Blood Meal....... sae ayia breve] aveka bra e/a Sie OCIS Tee sie TRO TST a Toe ToualnereYe 80.00 ZHOON ll terete cretecelllerevaistarclsis 
Armonia Grantlated BONG! js cvctertere. aia: evase:a'e(a wre olerete bale olotepersimctersteveyatetevmnays fale evel ct ale 23.00 DOO) ele -sseteseit!s cieietnroiale 
iA out 8! Ment Meal as es sie: 2 2 os hecl as shu la:cvoietreiecu o.eteteraipiotac cca Devore eietoeTe ale yayere ls diegetarereielsyere 60.00 ZOOS Sevscoreeras 6.00 
Atlas Feed & Milling Co., Peoria, III. 
thats dbvuatallens. CraalTis 5). cahy-jcieveie's w1cigicn ave ercw lo oiale a Indarerc elev tape late ra sicleleysivia, sia lores ofa) aiaters 30.00 | 14.00) 30.00 11.00 
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Crude 
protein. 
Bad Axe Grain Company, Bad Axe, Mich. 
PAXOBPANU: \Pr4,2 fe onlaew adcae etna eect ta tie te ANC ee TUE oe tbe ee 10.85 
Egg Brand..... 10.24 
Molasses Feed 10.86 
Phoenix Chick Feed 9.00 
Phoenix Scratch Feed 10.00 
Badenoch C&O Chop, soy doe oi Setaccacaase ees Gina eee aa ee 9.00 
C-er-lnyabine Chick Peed isi iscce. shen eee aoe eens teen a a eee 9.50 
Cerlag Poultry eed os .ja.s6. ccs omainviontenen ncnk arate Fae ee Se LO ett erc ears. 9.50 
DaivhiepsPoultryabeed tr. oka coe st acne cotter eee a ee 9.50 
Hp-a-davaMieat Cereal Mashy, 27 '7..(5. 0 cis irelslonyetovcine Stee See Ue ee eee ee ea ee 15.00 
Gloskoatiorse Need ox ita series’ QascsG se neenice ne oe en ne ee 10.00 
Grampold' Horse & Cattle Need S22) 22 vices gaa sence ns ee eee 10.00 
Kumboss: Dairy, Heed 2s. rater. orcs stags Avierswtarante tee etree eae Coe ae eee ee 10.00 
Suntlowerdiine Chick eed. sersace ce entees ests oe ieee ee ee ee 10.00 
SunflowerjJRouliry WF cedsere esate ch tance ween holes Sonne oie ee ee eee 10.00 
E. I. Bailey, Cleveland, Ohio. 

“Pearl” Hominy Feed............. Sepia hD cia bie aresarere bea Re oie ee See ae 9.00 


Dwight M. Baldwin, Jr., Minneapolis, Minn. 


Baldwin Flour Mills Wheat Bran with not exceeding mill run of ground screenings ....! 14.50 
Baldwin Flour Mills Wheat Flour Middlings with not exceeding mill run of ground 

SOLEONIN ES 5 crc bs aac Bas een oe hate oe OSE ee Sere ee eee eee eae 16.50 
Baldwin Flour Mills Wheat Shorts with not exceeding mill run of ground screenings....| 15.00 


The J. E. Bartlett Co., Jackson, Mich. 


Bartlett’s Farmer Brand Cold Pressed Cottonseed Cake. .......0...0..ceeceeeeeeeee 23.00 

Bartlettiatarmer Brand Hominy: Heed-.s- 0 ss cence anencece coma eee ee ee een 9.50 

Bartlett’s Jersey Farmer Brand Prime Cottonseed Meal................20ceeseeeee- 38.50 

Bartlett’s Michigan Farmer Brand Choice Cottonseed Meal..................-e0---- 41.00 

Bartlett’s National Gluten Feed............ Crioso Monncuqnedcnonacdadacresseusode. 31.00 
Bay State Milling Co., Winona, Minnesota. 

“Winona” Wheat Middlings & Wheat Screenings...........0.-cceccecccccecceucess 15.00 
Ferdinand Becker, Grand Rapids, Mich. 

Feed Corn! Meal. Ase e seer san as setersceoes nore Oe eee ost Stents See 9.00 

The Beck Cereal Co., Detroit, Mich. 
Royal.ChopWeed:):5 s.0s cas aoees Seen cee aaa taee Ee Eee ee 8.31 
Blatchford Calf Meal Factory, Waukegan, Hil. 

BlatchfordisiCalf Mealis: 2. SS cs's scys ack ae oe eee TE ee Oe ero ean neee 24.00 

Blatchfordis Dairy, Brand |Calfiealie.cci< dossces saree ee ee te en tee 19.00 

Blatchfordis Dairy) Meal withtAlialia-. wens seaeceeeen precast comcins ek nee hemes 17.50 

Blatchford's-shill the Basket Hee Mashinn)65 scsi tanec octes cade re ee ae eos 19.00 | 

Blatchford’s:Mitk Mash >... peice cer fice. celen tenis ee ia oes wae Pa aR 20.00 

‘Blatchford's Pig Mealr ky cocene cence cereek eno nk eaten che oon teen ee an ees 18.00 
William Boardman, Benton Harbor, Mich. 

Success! Chicken Moapdi77. snishs venes setcamose tccns ere ree SEAR PRA OC 9.36 

H. P. Boehm Co., Benton Harbor, Mich. 
Star Chicken Grain. §..2: Jaa siesta ck ace has doe eh ee ee ee 10.85 | 
F. W. Brode & Co., Memphis, Tenn. 
Dove Brand Cotton Seed Meal 38.63 
Owl Brand Cotton Seed Meal 41.00 


Crude 
fibre. 


3.45 


3.20 


N-free | Ether 
extract. | extract. 
65.01 3.10 
70.09 2.70 
50.76 2.99 
Aes 2.50 
tn 2.50 
ieee 3.00 
60.00 2.50 
45.00 2.50 
45.00 2.50 
45.00 4.00 
Be eae 2.00 
visWee ete 2.00 
BT: 5.00 
60.00 2.50 
60.00 2.50 
ven ree 7.00 
econ 4.00 
5, a eo 5.00 
ssjavenerered 5.00 
25.00 7.00 
PERO OC 7.00 
24.00 6.00 
20.00 | 7.00 
40.00 12.00 
58.00 5.00 
ne aera 4.00 
| 
cae 5.00 
ae Sache 5.00 
cin eee 5.00 
cue 4.00 
a ccicd.: 4.00 
siete eee 5.00 
70.14 3.05 
71.84 3.30 
Raaiareceieie 6.18 
Pan 6.50 
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The Buckeye Cotton Oil Co., Cincinnati, Ohio. | 


Crude | 
protein. | fibre. 


SBackeye.. Cottonseed Meal .6c1os,.-.ci 2 ects wiv sree S cla e.aroteieis:s.sieielsie's sis) dis aisle njelciewe 38.62 
W. J. Byrnes & Co., Chicago, Ill. 
Daisy Chile F eG sc ste ae ae ion) aclateedereve nie sta: oie'G. ove estore © nie: reais) sialarningehste whelinae ea acai a 10.00 
TowaliPoultry)Mocd satay casas ee one a aein soe hoes atte oe Goes vials Suleineyomveciies Pea « 9.50 
Royal bonltey: Recdresatc. aster oe wesc Orne siete eis et saieloisie aie cisini ale deine iar opis 10.00 
Callam Mills, Saginaw, Mich. 
Baouiey nite bomliry, Need sta <taricints cate cise ainiclelotetaistoe eel einreicia lahore opnivla, faterslosinie re atl iaiis ; 9.00 
Candee Incubator & Brooder Co., Eastwood, New York. 
G@andes Brandi Chick>EO0d » aces isis\s wos acres sie oe vislaedeha Ciaveisie a in’e(steyp oval ajeyeiemieie caja o1ere 19.00 
Caughey Jossman Co., Detroit, Mich. 
CEG BrandiSerateh Reeds .sccts sao cle cea aeons cy ove ota suse seme cates aboard ne sieves 9.71 
CG Chigkenvh eed s. «eres, ies s goclote sists oscuie lets cteaia So nadie Saisie oe adh cotoacaitiaetelgtabecsuate 10.00 
Cereal Mills Co., Wausau, Wis. 
Mammen Reed 9 .Ay Sa. oe ao ea woee rete t in since als wicca iileine rete ode ciciaitae oni 9.00 
Cornt& Ont Ground Heed Focaccia. ajeicvioreleiewis a cra.a-aoiecsrteeisieigne siete) cons ela rae eral lamiaraiere 10.00 
EV ONIN PR CRW st cise coe atcha ss wad ccm ness anew en ocacne cestode imee slates elma ae 11.25 
Chapin & Co., Hammond, Ind 
Aye ai Cie ters, ache cteye aires Serorcice ayoro core cle ele oa cis aisle Selapersiakelecie on Sele aeleieiersia alee ee 30.00 
Green Diamond Cottonseed! Meal’... cicil.cicc econ dake cs ate sec ess eae sje stewie eesioce 41.00 
Mack Ola PsirysF Gd sm: 6 cee tite occ nice ociayaiovcle Sistas wtansleve 10 eis, se pysleiciell eee (om nator ae 16.50 
(Wnicorn Dairy: PeatlOn vars «27 stole ois s oeioicie o c.cis's cist aotiete bo emia epseeiala ree e sisterate Wiacaioesieie,e 26.00 
Cheboygan Flour Mill Co., Cheboygan, Mich. 
Worn Germriesl ea chssven costs ese cleat eee aie che aerate ae eeace te oa ereTeTDNY here wheats oe 9.44 
Maghiand! Serarene eed ah = ieee cist tcacclaisie wr cisiavclecoe crease clominta crcl wie misvarevaiel dias ie one are 9.50 
Clinton Sugar Refining Co., Clinton, lowa. 
Clinton Corn Germ ‘Meals. «/.<6a.sneec.csteis gares o.ciotecles retin soca oes sole tee Slee 20.00 
Clinton'Corm Gluten Feed’). cS5ceS2cisis ne ca ode scccnaraces ne oe wisis ie sive site Yanai 23.00 
The Collis Co., Clinton, lowa. 
Plymouth brand eouliry: i OOtLsccs <2. saeccs oi cec sce ot cies cceec pads ot antitoeins 15.00 
Commercial Milling Co., Detroit, Mich. 
Henkels Chow Weed sae ctoriac hips tess sca con tnieeiss cibine stasis «ee olraiae paced Sabistigs ors 8.50 
Henkels Hine: White Weed soo act cisco tee cicinidie esos calevasetsiecacleen © ie’ ce eiereiend slate aiaies are ate 15.00 
Henkels Coarse Meed Corn Meals... se Sec ccc cise Go cok cle teary crareie)a Mekctol Oe aoe ae 8.50 
Henkels Poultry; Meed with: priser tare sists x sinercldicsyace areegaten as cluc al ocbts oosisvou ajo cia wretete 9.00 
Watt beck ced) \ tare tee. fue raaicccrotiorele hata ete siecle are te aTara ee tc at a atetoce hievatereietey 7.70 
Wheat Fine Middlings with Ground Screenings not exceeding millrun................ | 15.00 | 
Standard Wheat Middlings with Ground Screenings not exceeding millrun............ 13.50 


Continental Cereal Co., Peoria, Ill. 


Continental Gintenth eed ase -ce ches actoraera aisrerctei ois nares Gane caate cio ee nen cei eee 29.00 | 


The G. E. Conkey Co., C eveland, Ohio. 
Conkey’s Buttermilk Starting Food (for chicks)..............0.00cceceeccucceceucs 12.00 
Corn Products’Refining Co., No. 17 Battery Place, N. Y. 
Bufiala Corn Gluten. Reed's, =e. ata isn sates arce's ce beeen a ain/shera ote 23.00 
Dram ond Corn Gliten Meal ax¢ crs oer ate ects cic tac tie oe elect momo so wine Sty hab see 40.00 
Diamond How Wenlset tes sa sec cee ate ler oo ackiacet Sarak se eee inc cle wiemts Reece 18.00 
William G. Crocker, Minneapolis, Minn. 
Wheat Bran with Ground Screenings not exceeding mill run..................20.000- 13.00 
Wheat Flour Middlings with Ground Screenings not exceeding ail} WU 5 82.05, 3/5 hserereae 15.00 
Wheat Mixed Feed with Ground Screenings not exceeding millrun..................- 14.00 


Wheat Standard Middlings with Ground Screenings not asad TUL TUN ass cov ewnes 14.00 


Crude 


7.50 


10.00 | 


N-free 
extract. 


32.00 


sew ee nee 


n 
wo 
oS 
o 


Ether 
extract, 


6.50 
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Crude 
protein. 
Cudahy Bros. Co., Cudahy, Wis. 
Badger Brand Blood Meal ici Sasawoiesosseocesboseantoak tee eeaeeemohenbnea ion oe 80.00 
Badger Brand Meat! Moall sccacjcic.c<s1e3 can creie.cre oie, sisreiniclevstc ereretave aterm la/stes eraser clots ereiateretols 60.00 
Badger Brand Poultry. B On@ yac.cec cce.cccdarsiew cio sate sie nicininielsioives cyeinistatstaletehtele eisiereicistarste ete 25.00 
Darling & Co., Chicago, Il. 
Darling's Granulated dB one: sc /s'aslatere eic/olsisitel ove crate cjets lore wlete eieveteiere ersten -de elaiwtevarelsleta/t/evoints 
Darling’s 60% Protein Digester Tankage 
Darling’s High Protein Meat Scraps....... 
Darling's'!Meat:Crispset)..aesmee ec cd ce tine onto nice 
Darling's Standard, Meat Scraps ices canaccien ct cet oafee sma oeisieereioeie 
Darrah Milling Co., Big Rapids, Mich. 
WnboltediGorn Meals oc says case's solve vais cists evesereis¥osstevele/osoiaie Gore ele iniaretnlavareteinfelerale 8.75 
S. P. Davis, Little Rock, Ark. 
Good Lueck Brand Cotton Seed Meal «nec. cscccs decd semis sie sicm civyeersis selene stele 41.00 
Veribest Brand Cotton’ Seed Meal. <rircsrevaeoteretersteloovsture ier e avery crieta vais eles atevoleveisieleraiemie « 38.5 
The Dewey Bros., Blanchester, O. 
Mage SD Grains ic teterctovete- stares ai stacsia sie late ainvs asa ore elec nie totais e afoetsicr wiein prousel eters iereseteyciane 30.00 
The Albert Dickinson Co., Chicago, !II. 
AllfalfaM calle on = curtis noes ctoerusias tne cere ole ettieasi ete cies ateieis LoPBoooc Hq esAso 12.00 
Gero Brand Poultry Weed sais asco Gor mice cinclsterciateromieiatseyaeieteleiqeleeremiaersteter eters 10.00 
(Chico Brand! Chick Weed. 2s,-argae a sreveeatelwa, soa vent vevenn ale teiieeie © minum orate eieleie eVelece esterase 10.00 
Globe Chicks Reed 21008 es spices as coerce lave aTaretnte ease one patente a see atone ete slave rm ene van 10.00 
Globe-Developine Feed sy. .tanee mien te eran oo oon cle resto eictes wisi alot erearater te te vatene 10.00 
Globe Bigg Mash. 2 ectcars opstere o clecote ¢ cisieiaceie aivievaloimintetoleisvosiela/ala svelers ls le(eteboie Sleleleinis liar 15.00 
Globe Pigeon Heed scence eres econ ete eeta e ite ralstaie re elstetsvase oltre laleteleaelsiavale avetesare 10.00 
Globe Stratehi Weed Sescnim tac ecerecia nea cteclows «otro cease eimnrel nc ereteteters eta tetetetetaterstefelata 10.00 
Hobby. Horselteed’ cian cose nce cc oclcleras cciete efsie teotarn eve uiave's oteletotatetoleleeleislehevelViea\ slays 9.00 
honeysuckle! Weed ace crevcrcts sine Crees oa wraws las ib slayer e CiSIE eve ibis ioie el siace el eupretazelereleie ve] Sein 3e 10.00 
Ring Pizeon Weed een ietarn clas oe eee ee te ee aioe cia ae ae SIaTeInIe ala one ole erie lever eielofetere 10.00 
Ossis*HorselResd Socotra ato wraere eleses era lorete sine ciate elorate tale oretie.s aie etelerentiolane repecelee sexe 9.00 
Pine! Tree Scratch Weed <¢ scp tereetiec ence secs vans slsve cisiae oie ierereine mitovesreleterteleiaverser stators 10.00 
Queen Poultry Mash ye (eee serie ca te wcatasera crohelstare,s are rslovetere tater siesataray ste\eratniatleiekeYereletal~ 11.00 
Rival Scratch Meed witht Gritescsn ccs coer cinema cine ements cone ainfeveieieint tere eet acai 9.50 
PROS6C0 5 oo aise isc Sicte eee Sasso ialnl grotoimee Sic ie aheTevere ere Torslessva revelers ase tenga vibe nfeleroslaletsyetete pater 10.00 
White Cross Chicks Weed £025 je) ne bate ec rein eine a Teles alate ake Taran oxe oles alone raat eerie ale 10.00 
White: Cross/Horse Need! 2 15 Sccrate aercrouctare cesseta rere cictela ete wis) slelevo ate oles eterotscelole oreteisiavatars 10.00 
White: Gross:iScratch Weeds). eicce sou cnc cictreeictatateta tietojete rots eteie ola faleteraralevaueta lola ove Rye tebsta tere 10.00 
Wihite/CrossiStock Peed ci-/cins ccc cicteto/anvemare crsterererercternis toete starnve re lolepelaieleiersralvetevexeletneie7ane 10.00 
Donahue Stratton Co., Milwaukee, Wis. 
Wheat Bran with Ground Screenings not exceeding mill run..............--+2seeeeee 15.00 
Douglas Company, Cedar Rapids, lowa. 
Douglas’ Corn Gluten eed jja ave scree cre cae eee cio raete ee aero erere eee helo oln tal o1e'2)0 oie 23.00 
The John P. Dousman Milling Co., DePere, Wis. 
(OL EER or NeRINgES ADEE Age Ap GOGO DRE CCOnD OA CiCuOOnoa: MUBDEeesctcn sHOCsCSGcenCroe 15.00 
PR irve MA rede Lira res ees ceyare slot orc tatoo ele teeereccaraterorere talevotratere[otarae ateneieretale efetettstokelsVeicyere!sele/aksto'm 15.00 
Duluth-Superior Milling Co., Duluth, Minn. 
Wheat! Flour Middlingss co cisajcie ecclors:alecersierets sietwtsisislololels wlatetoleic/ntelatnrclerale|eYe'sis.s ois s/-/sie/ola 16.50 
Duluth ImperialiBramhec esc coe cre stelss wiote cle sveieisinterateetsin lets eine eietere ie teveferetel tain) 1~ el cielo 14.50 
Whea*? Standard Middlimgs s 52/5 cise cre. ctecs:eterele:sieiviein ers!» o]n/0/aye/ele svelare sieinyats (elelealaleieis:e|=10je[s 16.50 
Duluth Universal Milling Co., Duluth, Minn. 
Universal Flour Middlingsic..:ccc asic css: ecrniswie coe © ayosstorsietato-a morals ovese ls ol eearelmietateteteraieisi aie’ 17.00 
Winiversal Brand: oe eae eacta ce win keretarcoe Care erases cleioe aelave ajstateleraye a elu ametatetatefateioyelirs 14.60 
Eagle Roller Mill Co., New Ulm, Minn. 
Wheat Bran with Ground Screenings not exceeding mill run...............++++++++++ 14.00 
Wheat Middlings with Ground Screenings not exceeding millrun..............-...+- 14.20 


Crude 
fibre. 


- 


N-free | Ether 
extract. | extract. 


3.00 -50 
1.00 8.00 
3.00 6.00 
Baan 50 
BharOoK 50 
Focbonce -50 
RADU SdDe -50 
Socannt -50 
65.94 4.81 
26.00 6.00 
24.00 6.00 


35.00 1.00 
60.00 2.50 
60.00 2.50 
60.00 2.50 
60.00 2.50 
50.00 3.00 
60.00 2.50 
60.00 2.50 
50.00 1.50 
50.00 -50 
60.00 2.50 
50.00 1.50 
60.00 2 50 
60.00 2.50 
60.00 2.50 
60.00 2.50 
60.00 2.50 
60.00 2.50 
60.00 2.50 
60.00 3.50 


CRU redone . 
52.00 1.00 
4:50 Wecccekertere 
CUEUIU sop tos 

pe etalecne 5.00 
a balstar aloes 3.75 
sancaicos 4.75 
49.00 3.40 
55.00 4.40 
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| Crude | Crude  N-free | Ether 
protein.| fibre. extract. | extract 
B. A. Eckhart Milling Co., Chicago, Ill. | 
ASE CENTS: io 5 ae Se eee ee sere pan ania ta'aaye be,hac cad ela ANS oe at 14.00 11.00 50.00 4.00 
balaiitine ee PESCCIINEN sec se Watts noe rece ard tacos sees ae sy cias ane wlan es sae | 14.00 7.00 60.00 | 4.00 
| 
East St. Louis Cotton Oil Co., National Stock Yards, III. 
Baars Rectan ised de Meads |, Pere oe ack ass eee e <sicackcessyneget ss 38.50! 12.00 |........ 6.00 
PIRICHEESeraTCE COME OTICEE MPAR 2 ho cia og © coir acini 525 sree are eins aan aieone eeae dees fone > 41.00 | 12.00 | 26.00 | 7.00 
Evans Milling Co., Indianapolis, Indiana. 
| 
ieyave Heminy Pecos 25. 8.ne re det sceus 22. eh eke cearetcrucemessssepedec viens = AO200) 1 = £200) pe oaas 7.50 
| | 
Everett, Aughenbaugh & Co., Waseca, Minn. | 
E-A-Co Wheat Bran & Ground Screenings.............-2-20-e0ee0+- Wat on ataess 120001 12:08 eit 3.00 
E-A-Co Wheat Middlings and Ground Screenings..............-..e0eeeeeeeeeeeeees 100} 10:00 | 5.5222 2 3.00 
The Famabella Co., Detroit, Mich. 
GConmron Sense Scratch Peed: 25.00. OS cn cc ca resceaecceewacteseews pode reel 9.50 2.50 64.61 2.50 
AIAN So ae wies's vice on os Dita le ore mk aoe a Sea Cae we co ene cee eee 14.50 SAO eens 2.50 
Farmers Feed Co., New York. 
Bmborand Price brewers Graltss eto. oc acces ce soa weeiteeie ee eerie pociee's as 27.20; 15.20 | 41.40 6.30 
Feeders Supply Co., Kansas City, Mo. | 
omy brand Red Cag C-§Mealiand Cake... <). o.cccvn cocci nc acues oases enseiegons SSI621 42.00! [este 5. 5.00 
The Fleischmann Co., Cincinnati, Ohio. | 
mines. CO cand aelory NO9% 5.25 x, cc cs acco aurentnd tuelonceop be dead doe reeemce s 21.00 | 17.00 | 45.00 9.00 
lem nmpnnls Dried Grams; So. ac occ Haico. Soke Sue dalcee oe Deere ie oo eee reves a 19.00 | 19.00 |........ 7.00 
O. Gandy & Co., South Whitley, Ind. 
Standard A Brand Poultry and Chick Feed............2-.-02eeceeeees Sy ee 9.50 5.00 |........ 2.50 
Golden Grain Milling Co., East St. Louis, Ill. 
Hen Hor Hore & Mule Feed. 2... chon ocer oan canto on aae race onions = 10.00 | 12.00 | 55.00 | 2.00 
Golden Grain. Dairy Weed: « .50- Soosc 5 once botnets maimee osiee cea ce te aaa ae pana 14.00 | 15.00 | 50.00 | 2.50 
Muscot: Horse & Mule Peed 5... c. oad case teas tun nge pee cses os uces dadee ener et en 9.00 | 14.00!) 55.00) 1.50 
Wm. O. Goodrich Co., Milwaukee, Wis. ! | 
ee recess xriminics CHUCRKE! <5 cpiccc acoso oe Joe siecouece mes terccene ne cee b anes fate ees 10.00 | 32.35 5.00 
Great Northern Flour Mills Co., Minneapolis, Minn. 
Wheat Middlings with Ground Screenings not exceeding millrun...................- 15.00 9.50 | 52.00 5.00 
Hankey Milling Co., Petoskey, Mich. 
rr wine Merl Feith OF Sereeinnps ct yeaa ieciis on oa one os see nae ees Caron 13.56 9.57 | 57.68 3.75 
AWN CAN Se eh arte cacao he LAE eas Sen Se Lead Noa Oe ree ee ees 9.71 3.37 | 70.24 5.32 
Hales & Edwards Co., Chicago, Ill. | 
Cackle Fine Chick Feed (with grit and charcoal)...............20..0eeeceeceeceeeee 10.00 5.00 60.00 2.50 
Cackle Poultry Feed (with Grit Shell and Charcoal)..................-0-eeeeeeeeees 10.00 5.00 60.00 2.50 
Peeckaortl ore eed <-> 05 se weet F52 ae eo ae Shao eel eS ta asuenn meee sion oe 10.00 8.00 60.00 3.00 
Graig Wise Dating Recs 2. air. Sotto nic sere cree wa nn é ane reat enmaeena = hae he 16.00 | 15.00) 50.00) 3.50 
TCT MEE POR, (3. oe 5 oad oo os ee os ais Swe wine So oI ees dene 10.00 | 26.00 | 40.00 .50 
PI ArgComECerES HEE. 5oe Fone oa UP tates cease dae noses oete pom ereaeaar en 10.00 | 15.00 45.00 2.00 
Morning Glory Scratch Feed (with Grit Shell-and:-Clrarcoalys.o. 228 ba 3% 2k teceinee ts 10.00 5.00 | 69.00 2.50 
ed Gomis -Alraiia Wlealis.~ 3.2 oats hres ec wcrc so a ors, pd torn roe aw a maek ee 45-50.) S000 ie 1.00 
Red Comb Coarse Chick Feed (with Grit anid Charcoal) 2. [tsgecee een cee ttaeeoeee 10.00 5.00 60.00 2.50 
Red Comb Fine Chick Feed (with Grit and Charcoal)...............2..20eeeeeeeees 10.00 5.00 60.00 2.50 
Red Comb Meat Mash (with Shell and Charcoal)..............2.2-20ceeeeeeeeeeees 15.00 8.00 45.00 4.00 
Red Comb Poultry Feed (with Shell and Charcoal)...............-20c0-eeceeeeeeee 10.00 5.00 | 60.00 2.50 
Remkicem@alic Meal 02 fs. ae ae = boas Ab aba wae eee meee ee oe Be cares woe 25.00 1 eee ee 5.00 
eed eons Peary Sete oo ae alae ct sas el atte be eae nts Suns Sees ee ae ws 25.00 15.00 50.00 4.00 
PROnpCrIR COWS 25 cops ass ie las od hua 630 oe we WE ne tes Ces pe Taes Bees 10.00 9.00 50.00 2.50 
Poms Sanab Bipeon Pee (witht Orit) 2. dascp cco «connie eon ae tae esate sa waceces 10.00 5.00 | 60.00 2.50 
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Crude | Crude | N-free | Ether 
protein. | fibre. | extract. | extract. 
The Howard H. Hanks Co., Chicago, Ill. 
Golden Wee‘Coarse Chick: (io) Grit))s; <a. cece ae oe eee 
Golden Heedine Chick: (with grit)... vtec oon co ee en aN ce oe ne 
Kingfalfa Horse eet ees <ogevses sh catap oven oR ae See OT ES ee oe 
Kukoo Scratch Méed!(no'Grit))5.. (oso Biccco toc en ee eae 
Kukoo.Seratch Feed:(with'Grit) isn Shea) ae es ee a Oe ee ee 
BolojFead o3. sctivd.5 Sete stthe oboe: Be Sec ee er ee eee 
Henderson Milling Co., Grand Rapids, Mich. 
Corn! Meas ao 8 cine BR shay cae eh to Soa os OEIC Eee 8.75 1.25 | 73.16 4.20 
Hen sibest scratch Meeds; scee eitnten case sacs coon reds Caen on Mae 10.00 5.00 | 60.00 2.50 
Hirst & Begley Linseed Co., Chicago, Ill. 
Parse Besley Brandy <1 catatonia ee 34.00 9°00)" |. eeeeree 6.00 
H. M. Hobart & Son, Detroit, Mich. 
Piéo  Chop Reed s.5) Saas seo tag Woe ee ee soc EE ee oa ee One ee 8.75 5.22 | 69.58 3.92 
The Hottelet Co., Milwaukee, Wis. 
Holstein Brewers Dried Graing;, s./Sevscest obese ee ee 0 ee 25.00 | 14:00) |..2....02 5.00 
Hubbard Milling Co., Mankato, Minn. 
Blakey Bran 555 carn Sats cee hohe eaten 5d PRE, RE OTE OT es 13.00). 13.4002 aoe 4,20 
StandardsMiddlings 0.) chops. cee hae eal ee ee 1550" T1eZ0ul ha eee 3.50 
Humphreys-Godwin Co., Memphis, Tenn. 
Bull: Brandi ottonseed Mealy Seay ecierctoc ste eee lok cot sie eat Oaresieeae 41.00 | 10.00} 26.00 6.00 
The Huron Milling Co., Harbor Beach, Mich. 
Wenks Glutenileed 45. tei icc olan a srtteiah ace see ee Oa eee ere 22.00 380) \l oe ereeee 3.00 
VeuksiMixedi Mead ciiscae th outa sne eee ee Ses Res rita Meese ane eae ae 12.18 5.85 | 68.32 4.60 
Bert B. Hyde, Port Huron, Mich. 
EdealiPoultey Redd a7 nsf hens te alee ae awe Gee a ate 10.15 2.25 | 71.38 3.87 
illinois Feed Mills Branch Ralston Purina Co., St. Louis, Mo. 
eed. Well Chick Waele 2. 2.2: toate coils 6 eae ees CE or oa a oe EE 10.00 5.00 | 65.00 2.50 
Heed WelliScratel Peedi <= 5a fa Ro Pe rt ee eee re, Se ee eae 10.00 5.00 65.00 2.50 
International Stock Food Co., Minneapolis, Minn. 
International’ Grofast Calf Meals. 2.:..\r6 <- «icrissc~ cies sci eee eS 25.00 | 10.00 | 46.00 5.00 
The Interstate Feed Association, Detroit, Mich. 
Interstate Dairy and! HogiFeed::....... 2a. averenn- eee en meee nee ee Ee nee LOA00 Ri 1500!) eae 7.00 
Mormilk-Ready Ration Dairy Need) 225: (eee eee ieee beats staan 23.00 | 15.00 | 45.00 5.00 
W. J. Jennison Co., Minneapolis, Minn. 
Wheat Bran with Ground Screenings not exceeding millrun.................2.-0+00 152003)-10200) |. -2enaee 4.00 
J. P. Keeton & Co., Atlanta, Ga. 
“Southern King Brand” Prime Cotton Seed Meal...........2..0.eeseeceseucuerers 38.62 | 10.00 6.18 6.00 
Kehlor Flour Mills Co., St. Louis, Mo. 
Rex: Middlings cs ssasck sole cent ae ae eee oe ees ene e eres sees 16.00 T3001); sse's:«;610;2'| (oe 
Kellogg Toasted Corn Flake Co., Battle Creek, Mich. 
Broken Wheat Biscuit eed... fats, .tis nase si aaaqeves Give oe oo eae eer eae 10.15 2.60 | 76.43 1.07 
DrledsBrewers \Graieaiycirs sa esnctcsicc coo cae noe kee hee REE Cn ee ee 25.31 |. 12.75.) 47.07 5.07 
Dred/Corn Plake Weed) 0.57% 5 a setsece 0s ee en eee 6.91 .42 | 78.62 Rata 
Tnvinetble Dairy Peed essa. decaa fab sbeictecs oosta ee acs aateae te eave ore ee ee te 16.50 6.50 | 60.00 4.50 
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| Crude Crude | N-free | Ether 
protein. fibre. | extract. | extract. 
John B. A. Kern & Sons, Milwaukee, Wisconsin. 
Eagle Wheat Bran with ground screenings not exceeding millrun....................| 14.50 10.00 | 54.00 3.00 
Eagle Wheat Standard Middlings with ground screenings not exceeding mill run....... 15.00 9.00 | 53.00 4.50 
: Chas. A. Krause Milling Co., Milwaukee, Wisconsin. 
ACE crab isamye Meee aes 42 aes ec ee ore «ate cee aa ae Cues 16.00 3.00 
Ad per bir erprenn REGU. o-. 2 ae cae Coase Te walla es sd BO oo oe mice tee ee | 12.00 50 
ES aT NOT Ea ie ie ape EIR PA tes Oia Da ay ved ets Rap eb SSA ae AE | 10.00 2.00 
SADE OCKS HOCUS rapt aie aa ake aac a oe eee in see SCRE e cae oe wey A oene be eae 10.00 4.50 
EPUIDU ANC USI INes See oe can sce ene wae ao hey sees eee ass pers oe 12.00 4.50 
ae persbAnGy MIZE BEEU. ox ack hott siete ste cance mower cae vase ee ee ee 12.50 4.00 
Paneer te omitiy) Reed a we mets cherry eee cakkee Ana aduiha vebp reat bahia de at ae 10.00 6.90 
Blue Top Fine Chick Feed (no Grit). ........0.....00.0000000 x 10.00 2.50 
Blae-Lopibine,C hick: Weed: (with Grits eco toinas .82 goer eee te deen aenur ah asic «kf 10.00 2.50 
Pie Lap EEORSE Heed strc fice oh tat te tee cha nrc eva ore Sas toes Ie Ba 10.00 1,00 
LESH TRE SG oe Re ot RS aes | Re Eee oe Re eta ai oe aa 10.00 2.50 
ITED SCEALC I MeCds (IMMETIL) Sad <.al ude ael-ote ck mien cine otncnice eee am te care 10.00 2.50 
BIEL EOP DcLatchy Reeds (wrth: Glib )ixsct oie) <P, eracera ctl duenaasrsltealaien cote teens nce ove ate 10.00 2.50 
OnE Tirit( Gry ae18 Gis ctril 002 24 Ul ee ee ane, Ee ee ARS ARR DOSES eT roe aes 10.00 1.50 
GSreanmeiby, poratcl heed. (NO Grithis iss Acctreies wake men eee os oitansnaee ae act aeameteeine 8.50 2.50 
rear CApy MCE Aci Need. WittiEmits se. s cw ivstsic eit Codion ade hee mcats ast oe eon pene 8.50 2.50 
The Larrowe Milling Company, Detroit, Mich. 
Brownie Grains((Dried Distillers’ Grains) . oc:0s,<.. os 2c +o vice <li ane cies veveld’s stp o's deisis 26.00 9.00 | 40.00 7.00 
Loa Tals 1: oe i See A Renae 8 Sout ey ere ne Sia ee oe Sa | 20.00 | 14.00; 50.00 3.00 
LETTE CII Gael Se RN 5 Py i ae ar eee tee eS i ea nea 25.00 | 10.00 | 44.00 3.00 
og GAbin scratch eed maces <1 x Areas co Como ren Oise ane ee oa caley ate oe Tice wi 10.00 G00 ee sacar 2.50 
Lichtenberg & Son, Detroit, Mich. 
achpenperas|Chop Weed 2.5 sescnac tates since atest octal bees toe tae eee 8.00 8.00 | 60.00 3.00 
iighrenberos brand Prime ©-o Meals oso +o. cence note cee ARR ae tains 38.55 | 12.00 24.00 5.00 
Harame tO airyk cope, Sra odes orem nr mONR wae las bala doseage a kee 23.00 | 12.00 | 45.00 4.00 
ArAMGl Orse ced spas es se eee re este soe eine case emecie Aree hae LF aoe ta 10.00 8.00 | 60.00 3.00 
Faramel Brand Wheat Bran with Ground Screenings not exceeding millrun........... 14.00! 10.00 50.00 3.50 
Faramel Brand Standard Wheat Middlings with Ground Screenings not exceeding mill 
MULT eRe eyo alge avo ae Roi NEP eee Un ie PETS Oe a pet Pee oe 15.00 | 10.00 50.00 5.00 
Mapl-Flake Mills, Battle Creek, Mich. 
Mane lake Peed 235 occas. st vaceede phe oe Eee ne a eee ae 12.00 6.00 | 66.50 4.00 
McMorran Milling Co., Port Huron, Mich. 
rect ea rand unas ue ekt: tet atyeds oh eee Aneto kee eee: nee eae ee ome 7.00 | 17.00} 58.00} 2.00 
ERAR SATEEN RIYA CELLED Ie aad os PERL. Ce ea is Shes Re MeN. Peer An et cree 15.00 5.00 | 65.00 3.00 
Great: Brand Pouliny sl ond Sm sete chee cas oes coe slo et elena entae Wacaaldee 8.00 5.00 | 64.00 2.00 
2 ESSE Cie gti | AOR ea Nee MR RE aa gt Sh TRY onl eg 12,00.|oq BAM vase | 2150 
J. M. Macdonald, Cincinnati, Chio. 
Kineda Prime Cottonseed Meal icc can iiecte «shia a tee ho hai ere ae is tie a 38.6 12.00 G2 18 ie cmecree 
WEripatl ge GLLOSECO NECA Sc: tn soem Rare Se is ye eae oe See ee Serie athe wo 41.00 | 12.00 G69: | cee 
Marinette Flour Mill Co., Marinette Wis. 
Plymouth Rock Every Day Poultry Feed.........:...02cceceeeeeeecesereceress| 9.00] 5.00 [2....... 2.00 
John C. Martin Co., Mineral Point, Wis. 
Martins CAB CCd os 5%. cna docu eae cee wok On oe a eee ee. 26.00 GL OG hecte ak BSabepie 
Mayflower Mills, Fort Wayne, Ind. ! 
Mayflower Bran... Fite eT EE oe SO es 14.00 | 10.00] 50.00 4.00 
Memphis Cotton Hull & Fibre Co., Memphis, Tenn. 
Cyclone: Mead Meal cyan aes ish aces Coach: SE Rae oe GES ane | 20.00 | 23.00} 38.00 3.00 
Menominee River Sugar Co., Menominee, Mich. | 
Biicar-BretiMp lamest pieme = ssess oe on te os cone eee ERE eae ne eae be 9236: + 10-20) le 58s 50) lyst. tes : 
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Crude 
protein. 
Metzger Seed & Oil Co., Toledo, Ohio. 
Old Process Oil Meal.hisioo. 6 cord A hicledicjesteranioroteern cole See auton eee ee 30.00 
Michigan Cereal Co., Port Huron, Mich. 
Pos Bray hes 25 AS SS Fein Sine cis Ae ese etre ee aT atta reat ee oe eraetetelel 14.00 
Midland Linseed Products Co., Minneapolis, Minn. 
Midland Pure Old Process Ground Linseed Cake................ 2 ccc ceeeeeeeeeeees 32.00 
Morris & Co., Chicago, Ill. 
Bigisixty Meat Meal Digester Tankace: i. oe fed... 2.2 cio atelentarc Hos oyetvrcie eieiele ct ovale sous hare 60.00 
National Food Co., Fond du Lac, Wis. 
No- Milk Calf. Food 2o0ic2pe.ccess ote etsoneacted teh acis roar cee) eae ana Pale) etches: aereys 17.25 
The New Century Co. of Michigan, Detroit, Mich. 
Cadillac: Scratch Peed 3s. Fiasco Rack cota estates cod tale idler stn arate erate 9.50 
New: Century: ChickiMeed nc), & sc-acesstoya ace foe ate ares ee IE ee eect oie sleet 10.00 
New Century. Scratch léed Ss akc tn ckitenldn eee, ee eee ne eee eere 10.00 
New Richmond Roller Mills Co., New Richmond, Wis. 
Flour Middlings with Ground Screenings not exceeding millrun..................... 13.00 
W. C. Nothern, Little Rock, Ark. 
Butterfly Brand CottoniSeed Mealinkcen ceausse cs sceonc esha 1 tescobin som caueeeet: 39.00 
Northern Illinois Cereal Co., Lockport, II!. 
CGO Read ae eee ee Bos RE, ose sisi araceiongd Reto ais iota areca stores ape eros 9.00 
Northern Milling Co., Wausau, Wis. 
Northern Weed. ass: 4is)cisicte ote thexeleta ere zenayoie = acitore siatite ade ras tare cis = wien neta ons slalelersre pic — 9.00 | 
Wheati& Rye'Red Dog ser cin ode cs hee cacoc toler cppieseic x emersvci here aie ior atone Reel esintare 16.00 
Northrup King & Co., Minneapolis, Minn. 
Sterling Baby: Chick: Starter: /oe-c.<'sjriksaices als so a wtnve.c anrtejsiais SO clone oto teen siareleieiers 10.00 
Sterling: Chick: Weed 5.05.2 aoc awe came = vies oo ook ae eae ei oe ree 10.00 
Sterling Hen'Weed oS. fa 5.2.2 Noe... ce dc cna raecie a doin ale cnr letbiter aa apie erslctoens 10.00 
Sterling Scratch Weed o.oo 3a. caine srenicinslstolovoere ste ie oie siptareyoyassrsyoeiy haste desea oaiele 10.00 
Northern Linseed Oil Co., Minneapolis, Minn. 
Pure Old Process Ground Linseed Cake.... . dsibie ojo hun es eidanes Site Pee ee 33.00 
Northwestern Consolidated Milling Co., Minneapolis, Minn. 
Wheat Flour Middlings with Ground Screenings not exceeding millrun............... 15.50 
Wheat Standard Middlings with Ground Screenings not exceeding millrun............ 15.00 
North Star Feed & Cereal Co., Minneapolis, Minn. 
Nod Cornié Oats Weed. 332: osc coche cntore Se eee eRe Tre ecto Os ere TOe naa 8.50 
No. 2\Cornd& Oats Reeds. 56 2. 24 oe irinact eae oe eens ota etal oe aie nb eens 9.50 
The Northwestern Elevator & Mill Co., Toledo, Ohio. 
Wheat Middlings with ground screenings not exceeding millrun..................... 15.00 
Norvell Roller Mills, Norvell, Michigan. 
Big 4 Dairy Feed. 50226 conch tose: oan oar ate ao ea ee ene coy teeter ao ame 20.25 
Omaha Alfalfa Milling Co., Omaha, Nebr. 
WAL Fatfs Meals a. eit s,s: arojatebicraicvs aye ovorsposs ley. ureteral slaoe cava nie eT aCe soe eee re ale ta stone a 12.00 
ALCorn-O Horse Reed 2; eas «ote 2s aia snclavdha’slnphatersta le cist chlo tetas Aaa teint 10.00 
Cream Alfalfa Dairy Feed No.1........... tigdal Se sosatopavarete wie Be Soars Rae roe Ore 20.00 
Green’ Meadow Daty Weed)is.o7 .4.c5 o..cccaecneeas viene ren owed asinine eaiiacie hememter 11.00 
Peerless Alfalmo Horse Feed os .0:2,0)3\s 0/0. 22 se Seeig nae waite a ee ee teers ebetald 10.00 


Perfection Horse Feed o.2 fac. 2 caniete «6 a ovclae aove atinei estates oe eee en eee 10.00 


Crude 
fibre. 


10.00 


36.00 


9.50 


5.00 


6.00 


N-free 
extract. 


Ether 
extract. 


5.00 


158 


5.00 


8.00 


se eennee 


sere eel wes eene 


heel Nia ne 
S8ssss 
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Crude 
protein. 
J. G. Peppard Seed Co., Kansas City, Mo. 
rsple-EeLOUlery WOGd: cepacia tetas tian wisiie givin seialacwplewia ciselasioe oao eels tiesto no sibae ae 10.00 
M. C. Peters Mill Co., Omaha, Neb. 
Petersa alfa Queen Mills: Dairy Need). <acce xesisre 0 dis: ciesis wveosipielisiadlelrssisiesviseics 17.50 
PBterscArals Orme ecd acs sclccw castes tee Aerts Ho clslsie sto ne cosa eo ouas soso rea tiasOoe 9.00 
HE PIEERASUENE EO 1M CBee se SURED potencies An cVotepe\ cies ar hele a ao oleae nie alee ooo etre eis 9.00 
Tha aTie Chit has - an aie Bo pene BEC oan ooe tion: RSARGE Gn a ape rs oCRon ora Onenes 9.00 
PoefernwideeraaltaMedl eee ce aes on an ale Naiwe sie Walae ocean oc eelek ce reeeloneart 12.00 
RGteEN =F Gbers Hl OFSE SH COCs Soyeras are tavovatetn alata’ wre! avetabalare\ eye's oloieia e's Statewe eiole’e'vinie ed v-e.elenie 9.00 
Pillsbury Flour Mills Co., Minneapolis, Minn. 

Pillsbury’s Durum Wheat Bran with Ground Screenings not exceeding millrun........ 11.00 

a dad Durum Wheat Standard B Middlings with Ground Screenings not exceeding i 
PEVATRBRSUL YEE oy ot rece sre saketoio nace: she ayaleca ote aed eave sie atbLan (s/o Sale NSEC ISS We IRE CSRS Ee Sak 50 
Pillsbury’s Wheat A Middlings with Ground Screenings not exceeding millrun........ 15.00 
Pillsbury’s Fancy Wheat Mixed Feed with Ground Screenings not exceeding mill run... 14.00 
mallebasy’ sWheat Standard B Middlings with Ground Screenings not exceeding mill eee 
Pet ete ce wheat riratl ilk Grcmud Gaceninea uot exocedine willteun) fcc 2,0) 4.00 

Geo. P. Plant Milling Co., St. Louis, Mo. 
(P) Wheat Bran with Screenings not exceeding millrun........... 15.00 
(P) Wheat Middlings with Screenings not exceeding mill run 17.00 
Portland Milling Co., Portland, Mich. 
Champion Mixed Feed with Ground Screenings not exceeding millrun............... 13.56 
Postum Cereal Co., Ltd., Battle Creek, Mich. 
Cereal Reeds. te a5 cee ein be Vem men ae wolaeniaeaeee wie or Se aloe rae efore sietles 12.00 
ChrckemiW eed ar, = ho ans lee ce vateteas ores: aeielefovasare le ala'e wiere aiaierereiniers « Bia orsheleainyaerele uinisietelow 8.00 
on © carn Gira tsa co eeolasase rae tee tee erase ai eiclastla Bins Su eraiets aeralemiaaraciobas com ta go's 6.00 
1 Ost San ane Art te i On be ee nA en ee Deer ee eee ne 15.00 
Barley ESEAMRS crass crond s/o pias F opote, alee ee oTersvae ee Ob a oie ieisiole oleiovalase Ste ieee eaiare Gia eee itarcteee 8.00 
Waked! Corn’ Weeds o2 2 2.5.aac sc ostantaare ats malale ala stlarste sane ols tiorordtcico he alarSiausitele one, ¢ 8.00 
inked Corn Om ally Se 5.3.01 eters Mee o Maae ata acters ad eee nae ade Sam oe oceans 5.00 
SENG GGG re atest O yracic. cate k Wick cs Cromtoee Soro otaterarele ae Cioictee SiS ae ele OS oe aera 9.00 
ByecialiMegd ss '5 26254 Ae aah ce-ch els Saale Ts es DOLE aS omits hele 9.00 
Prairie State Milling Co., Chicago, Ill. 
RediGrowniscratch: Peedino Grits. uit seaactitn/aene cise em nserestele sides Me eisian Fetes aoe 10.00 
Red Crown scratch Reed with: Grite.cs.3s0s «oa sea oe sae este obs ae eeRh ene een 10.00 
ines OME OTHE MEE ya male ecsin ts als witain eel erased sre Nnal ae era ana ald oa lere ot eerie eiore 10 00 
Gravland PreraiChetceu twathe CDTi Melcrsce ocslenn.ssare’e oie .oi ae incv, otelel Cralave ier ooerera tat aatortereteee 10.00 
ErAIrIe SEALE SCCALC HMM CEM tm EDLbads ck ais ico c/a seitictisrare  slvlecciondtalere oth erein a otiae celts 10.00 
Pratt Food Co., Philadelphia, Pa. 
PEAtieD APY BIC OOU seniar wih ee walter actebinis coc mele eal ne ob ialclah wieee ce Sac eee ee 12.00 
Purina Mills Branch, Ralston Purina Co., St. Louis, Mo. 
Peron ai nil Weeder ties eects sictene dteia tte, ore eineideare as nicrciele ste ote aint fhee ete eis or pies 11.00 
Purina Chicken Chowder Feed with Charcoal not over 1%...........0.00ceeeeeeeuee 19.00 
Parma Cow Chow Reed een ca crs ache doce eink ce wrens aaleaeitelee ert deletes 24.00 
Porina. Dairy: Weed ee or ies Srataeie eraser va ates oi da ovat 2 a Aas esha 20.00 
Parma heed with MOlassesi.s: Jstsc.attrcaiws «Seine ss sate als oneinioia inaaiete eecietsntiele siner= 9.30 
PHIFHID DOr Ath Nea. Sates nine Ona eee oiele na wisiRan as Bolaidiee oA nee eaGl ee ei bed me 11.00 
The Quaker Oats Co., Chicago, Ill. 

ASNETICAMIET OL ECE ACM Cur ALIN eo cra lete cin. a/oiove vod rc ieiern Ag bieloeaoaia e aistevets ciela oes tate Fare hens 10.00 
BIC Wee Crane Create oes tac te raat Dil levee, gpncecalalatote: s/o oka note elere-a: alomveratir she AePaave arate 10.00 
Blige Hinpon airy Med esc ce Geet eee oie eters wieede a iate o eeinie Hae Se eee 25.00 
Golden Sweet Mule Peed. 45 tite cece wvaiad as cvelcie alae Societe ea bet ee 9.00 
Green Cross Horse Mixed Feed with Molasses...........-22c0ececeeececeeeeceeeees 10.00 
EVOTHS FOV ER CEC cette cre re eee a tere aie denen sin cle IS ee ee Ee tots tna crevacclannaationrete 10.00 
Matz -all Weed 5a cre Saale eae oe PRON oe Me uate ae ee eee wines ase te Pek 8.00 
Oldavern Scrat Wesds ccs Sass sc vice is. oorao ones Oa iee Cant aes ele eee 10.00 
AMIN UE A GOT C HE AITIN pe seo oe, siniane vuuerchee wreiae eae eaNtle Taoeeioe a nen as ph balaietoabie 10.00 


Crude 
fibre. 


5.00 


3.00 


4.00 
9.00 
12.00 
15.00 
11.70 
4.00 


5.00 
5.00 
12.00 
15.00 
12.00 
11.00 
2.00 
5.00 
5.00 


N-.-ee 


extract. 


60.00 
60.00 


} 
| 


Ether 
extract. 
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The Quaker Oates Co., Chicago, !1!.—Concluded. 


Pansy Scratolt Grams with Grits Je. . f5.4050ss seco aes eloes ate oes oere ane aed 
Guifiiken Chick Needs 553.0 5 cin ccietes tae emote ace erp sete eis ater enim ties een tee 
Quaker Dairy: Feed with Molasses® 25.5.4 525 on se ne aie ne Dacia De wists 
dakar Scratch Grains ve. io-(rystos hor eoe eae ame cea heen Sone eee beeiion eee 
Sehimacher/ Cat MER fered skew ectses cas suvacieesg a te aeeeTeinek oe See nO ne eee 
Sahtmacher Reed... 2554 bs. P28 aa sane eons pa ka ees oe eee Oo ed ae ate 
Schumacher Little Chick Weed sns: cos see nics motel trios hats Ne ated arate sedate 
SGhtimacher Scratch Graig: 259.6 S5, sew adaware loans mets he vars Ancora ets Atstand sicher 
SchumacheriSpecial Horse Feed rite ccetanc sae ais ern aretha ala eo hal evita Nantes 
Victor Feed ss54 sac ict cers Som eRe nlainnsloeiceaterate oboe picietd deren ACL UG tote eee ae 
White Diamond Weeds 35: as ae ows coe woe nic cabs stew ne o's be eo ceicctaleneiotettaets 
Ralston Purina Co., St. Louis, Mo. 
Regal'Seratch: Weed e565 [aden oo erates ote Dee rae es See eed rete es 
M. G. Rankin & Co., Milwaukee, Wis. 

Wheat Bran with Ground Screenings not exceeding mill run.....................-.. 
Wheat Middlings with Ground Screenings not exceeding millrun.................... 
Roberts Cotton Oil Cc., Memphis, Tenn. 

Cottonseed Meals 4 yc hs siessste cate cee ce een ores ent oho ne AP eae ete ore a epee 
Ryde & Co., Chicago, Ill. 

Rydes' Cream Calf Meal 57250 eg cos reno aoa ot etaws clas PER ee ae ee 

Saginaw Milling Co., Saginaw, Mich. 
Red:Hen Dry Mash at rccctis te es hah ie Sao eevee ee aoe aie eee 
Jos. Schlitz Brewing Co., Milwaukee, Wis. 
Hehlite -Purigy. Dried Grains sco eres eee rece aterccarercsioeiioiiote toate tephra toe eearceccistras 
Scofield & Son, Jackson, Mich. 


Scotield:s lrg: Wash Ae is H:, Vshes eva stas sve ome o re ane etaratenk ect axl retea spayaaleret ofeteb ten ctencatoterors 
Shane Bros. & Wilson Co., Minneapolis, Minn. 


Snowball Flour Middlings with Ground Screenings not exceeding mill run.... 
Standard Middlings with Ground Screenings not exceeding millrun.................- 


Sheffield-King Milling Co., Minneapolis, Minn. 

HR airy DOW via, aie 5 saree fate oes piaiae ete aloteeie ale = wad cleySherleerereetfe er atatans a iale (oats (eMail 
MWininiohe eek eR en ee 
The Sherwin-Williams Co., Cleveland, Ohio. 

B=W hinseed Oil Meals 7or jc toraicah eatininretelc «ole elec elete iat angrorase atheist reine resid ete 2) ale te 
Spencer Kellogg & Sons, Inc., Buffalo, N. Y. 

Pure Old Process Oil Meal made from Linseed Cake. ................00eeeeeeeeeee 

Spratt’s Patent (America) Ltd., Newark, N. J. 


Sprati’e Ground Meabixa... cas te atass wee ea rae eee oe eae ee Soe ee ite eee Se elon ome 
Speattis Poiltry Pood No: 3..-He diene cars ccae Cee sreee a seen aaa peer en ee eae 


J.L. & H. Stadler Rendering & Fert. Co., Cleveland, Ohio. 
Stadler’s Reeding Tankage.:: Guo s sateen enue Sone wucmsceiten SERED Rl niet mooie 
. Standard Grain & Milling Co., Holland, Mich. 
Standard Perateh: Weed! 3.1.c,caseeenaes se optcaeeanae sen ete e semaine eeies ace 
Siar & Crescent Milling Co., Chicago, Ill. 


Star & Crescent Bran with Ground Screenings not exceeding mill run................ 
Star Middlings with Ground Screenings not exceeding millrun...............-..-0- 


Crude 
protein. 


38.63 


25.00 


16.50 


26.00 


17.41 


15.00 
15.90 


15.00 
13.50 
16.00 


33.00 


33.00 


Crude 
fibre. 


5.00 


10.00 


2.00 


3.15 | 


N-free 
extract. 
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50.00 


38.00 


53.21 


see eee 


Ether 
extract, 
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3.50 


6.00 


4.83 
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| Crude | Crude | N-free | Ether 
protein.| fibre. | extract. | extract. 
| 
Star of the West Milling Co., Frankenmuth, Mich. 
SC HEAT ie Bete coca sede case mtg ce aan A tnd oHIceNiCs ADE OU DORECeT Eater 8.57 8.97 | 67.27 3.65 
Bernhard Stern & Sons, Inc., Atlas Flour Mills, Milwaukee. | 
Atlas Wheat Bran, with Ground Screenings not exceeding millrun................... 12.50 | 12.00 3.50) hiise scare 
F. J. Stuart, Pontiac, Mich. 
Stnants!Mixed| Ghickenfeed' .\vs zeanitea.ne tate Ges eB oowelseune esate tevin sth Aen ea aoe 8.66 | 3.32] 71.89 2.85 
Swift’s Digester Tankage 60.00 SOD estate 6.00 
BS WARES CAT SELAPS scars aye ores ois tats sole Siie moxie tiehpine so aqerevajevers1s ie) wave ae avoreralaye Simereisterarerake 50.00 SOOM rhe 8.00 
L. Teweles Seed Co., Milwaukee, Wis. 
Banwer Brand OhickemiN Geiss, «2% activa toiss: «/«lojsiotera(s eo ic)vin athens elcitialMactiovere, seren lamieraianet= 10.00 DEODS mses de 2.55 
Thoman Milling Co., Lansing, Mich. 
SfomMaCO) GLOUMC OR acre loses niavore.o slo sasei opiates eistsio roa: nieeiaieie7e staid eo 0.6: o.a.crala, alefoletel arslers 10.00 G500" |. a cveee 4.00 
Thunder Bay Milling Co., Alpena, Mich. 
BSAC COPS OOD aie: yeas ina csnict= ciate Vase ern Sve ass aie ee aielelereake oie winters ie ete aeieiavei otters 8.14 | 10.60} 64.13 4.38 
hunder Bay Scratch Need sc vi. seers eelee en vcs oro ars slnele Me tae aa vores seen sw oenie ae cess 10.85 3.85 | 67.35 3.05 
The Toledo Grain & Milling Co., Toledo, Ohio. 
Camps ted! ball, Chigk: MO0d ec .ccsteo/s.c's's cwrare stalled o's miele sls ln.c. y aiesalsPand Ov de stare neh Oties 10.00 5.00 | 60.00 2.50 
Camps! Red BalliScrateh teed 1: st waclis smatne vere wots sian Seeetineteere efi ocei os lneceaiee 10.00 5.00 | 60.00 2.50 
The Toledo Seed & Oil Co., Toledo, Ohio. 
Major brand Old: Process' Oil Mealiteszc <j 5 oxisinieia ios onicle sn waeine cleans wale see ee ae 30.00 | 10.00} 28.00 5.00 
The Ubiko Milling Co., Cincinnati, Ohio. 
Fourex (XX XX) Distillers Dried Corn Grains..............c.ccceccceeeeveveseuees 31.00 | 13.00} 38.00 12.00 
Bilesthcad yD airy, ations 40s. vette Mematc oh teeters a Ot Lae ea teen 24.00 9.00 | 50.00 7,09 
Union Seed & Fertilizer Co., New York City. 
American Red Tac Cotton Seed Meal 25 sc-c.cc cuncae-ereck sacle suave naebee ee 35.62) |en ltt SO. peers 6.18 
SecunityBrand!Cotton Seed Meal 22.0.8 ose neck wc nciisuien aes ciciem «civ ome ete tee ane 36.00 | 14.00} 27.00 5.50 
The United States Frumentum Co., Detroit, Mich. 
RTTTIENE TRE ONIN YAN CER sore Sapiens ees kets Pot aickik, » aaa ses Mam er aOR nets 9.50 7.00 | 63.00 7.30 
Valley City Milling Co., Grand Rapids, Mich. 
Farmers Favorite Bran & Reduced Screenings...............20cceveceueecevensseas 125 50M ett Oberon ee 4.38 
Farmers Favorite Cowfeed and reduced Screenings..............ccceeeceeeeeeeccees AEA FOO el ernie 5.00 
Farmers Favorite Middlings and reduced Screenings..............0.ee00cceeeevuees 12.75 7 LO [2 eee ar ) 5.25 
Wash-Co. Alfalfa Milling Co., Ft. Calhoun, Neb. 
DSNOMEVELOMSE Ged srissae sninet oti neste cierto setters eRe ete mo pane eee CEASE Ene oe mets O00) heat 008 eee 2.00 
Washburn Crosby Co., Minneapolis, Minn. 
Wheat Bran with Ground Screenings not exceeding millrun..................0..000- 13.00 | 13.00] 50.00 4.00 
Wheat Flour Middlings with Ground Screenings not exceeding millrun............... 15.00 8.00 | 55.00 4.00 
Wheat Mixed Feed with Ground Screenings not exceeding millrun................... 14.00 | 10.00! 53.00 4.00 
Wheat Standard Middlings with Ground Screenings not exceeding millrun............ 14.00 |} 11.00 | 52.00 4.00 
Watson Higgins Milling Co., Grand Rapids, Mich. 
Berfection' Ghidla Reed! < 4/2 scfece vs hotocevcoteee Be a ee eR ad ee en 9.00 SOON eee 2.50 
Berkectronperanenel eadeier(c sats tector carer oo omc ee ere eae eee eee sc 10.00 BOR ates 2.50 
| 
Watson Bros., Detroit, Mich. 
LAOS SN Of (ie Ee Re ee ae eS a eRe Rl ee 9.28 2.00 | 54.47 | 9.55 


416 STATE BOARD OF AGRICULTURE. 


FEEDING STUFFS LICENSED FOR YEAR.—Concuvupep. 


Crude 
protein . 
E. L. Wellman, Grand Rapids, Mich. 
Cottonseed Meal “Feeders Favorite”... 2 <.c2.2 see steistane secdeasreee nen ena srealete eta 38.55 
West Branch Flour Mfg. Co., West Branch, Mich. 
St. Gar Meed <6. sat teteGcec nlee taslec cites s So Mele salsa ete alee atten ate ete ole Bie roneeteare ate 10.00 
Western Flour Mill Co., Davenport, la. 
Black Hawk Bran with Ground Screenings not to exceed millrun.................... 13.10 
Western Grain Products Co., Hammond, Ind. 
Chicago Alfalfa Horse & Mule Feed....... (orousucntcospuwuercdanlnouomtos ua sct 10.00 
Calumet Scratch Feed, no Grit and with Grit, not over 5%. ...... 2... cece cee ee eens 10.00 
ammntondsb) aimyalecd ae otis cise aie’ « ciereteiers cpoiwi ete cicis wisiero's’e 16.50 
Hammond Horse Feed........-..-.-- ons songeser see fel be 181 09) 
Hammond Scratch Feed, no Grit and with Grit, not over5%............-.0-eeeeeee 10.00 
F.1. Williams & Son, North Adams, Mich. 
Walliams CaltiMeals 9c... Gar. mectes oceanic flee doe colette bcko dee Cee ene 15.00 
E. S. Woodworth & Co., Minneapolis, Minn. 
Gorn and OatiWeeds> scultes ise re stersc cou wc alsin emtemieee tiem otietes eee meee aioe 8.00 


Crude 
fibre. 


12.00 


5.00 


10.50 


N-free | Ether 
extract. | extract. 


24.00 6.00 
Py nyy Si 5.00 
50.00 4.50 
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STUDIES IN THE COST OF MARKET MILK PRODUCTION. 


Bulletin No. 277. 


That every successful manufacturing enterprise must have some sort 
of cost accounting system is a matter of common knowledge. It does 
not necessarily follow that a manufacturer must at all times sell above 
costs. He may at times sell below costs, and at others he may secure an 
unreasonably high price; but the average selling price must at least 
equal the average cost if he is to continue permanently in the business. 

Cost accounting on most farms, especially dairy cost accounting, is 
conducted with considerable difficulty. It would be comparatively easy 
to find the amount of labor and the cost of digging a ditch of definite 
width, depth, and length, in a uniform soil of known consistency; or it 
‘would be easy to ascertain the labor requirement for plowing an acre of 
ground. It is comparatively easy to study any business when men are 
employed throughout the entire day on a single kind of work. 

In the dairy enterprise as conducted on most farms, employment is 
not continuous, and the care of the dairy herd and the milk is a part of 
doing chores. 

The more one studies the dairy business, the more fully he realizes 
that it is one of the complex farm problems. Even if dairying were com- 
plete with production, our statement would be true; but we still have 
left the even more intricate features of manufacture, transportation, and 
distribution. 

However, milk plays such an important role in feeding the human 
family, and the dairy industry occupies such a strategic position in the 
welfare of mankind, that the complexity of the task offers no satisfac- 
tory excuse for its evasion. Further, so much has been said and written 
on the whole subject of cost accounting in general, and on agricultural 
accounting in particular, that no justification of the work undertaken is 
necessary. 

Some years ago the writer read a paper before the Grand Rapids Milk 
Producers’ Association in which he discussed some factors in the cost of 
market milk production. The data which he presented had been col- 
lected in the college herd and supplemented by numerous estimates. In 
the discussion which followed, widely differing opinions were voiced. 
Men who had spent years of their lives in producing milk for the city 
market could not agree, yet neither could present evidence in support of 
his belief. At the close of the discussion the speaker, as well as the 
audience, was convinced that the aggregate of their knowledge as to the 
cost of producing milk for the city market was very fragmentary and 
interspersed at frequent intervals with many crude guesses. 

When in the fall of 1913 Experiment Station funds became available 
for properly carrying on an investigation of the Cost of Market Milk 
Production the interest of the Grand Rapids Milk Producers’ Associa- 
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tion in this subject was recalled, and an offer to begin the work in their 
territory was met by a cordial acceptance on the part of the milk pro- 
ducers. 


MANNER OF OBTAINING DATA. 


It will be well to state at the outset just how the data were obtained. 

During the years 1913 to 1916 twenty-five farmers co-operated in the 
work. The Field Investigator, Mr. I. T. Riddell, spent his entire time on 
these twenty-five farms, allowing himself one day per month to each 
farm and giving such supplementary direction at other times as he found 
necessary. 

On blanks which were provided and conveniently posted, each farmer 
kept the daily time account, and made record of the receipts and expend- 
itures, and other needed memoranda. During the monthly visit of the 
investigator he entered these data on his permanent records, and in con- 
ference with the farmer obtained such supplementary data as he needed 
to complete the history of the month’s business. Besides completing 
and posting these items the investigator secured such other first-hand in- 
formation aS was necessary to give complete and accurate records. 

In addition to checking and summarizing the farmers’ entries, the in- 
vestigator secured still more accurate information of all dairy opera- 
tions throughout the entire day spent at the farm. He arose with the 
farmer in the early morning and with watch in hand literally timed every 
process carried on in the stable or the dairy. At the close of the day he 
was able to write down not only the total number of hours of man labor, 
but was able to say with certainty just how much time had been devoted 
to the milking process, how much to feeding the herd, how much to clean- 
ing the stable and barn, how much to grooming the cows, and how much 
had been devoted to the care of the milk and the dairy utensils. Further, . 
he had taken cognizance of all feeds supplied to the herd during the day, 
and had made accurate weighings of the same. The data thus secured 
were used as a check on those recorded by the farmer, and wherever the 
farmer’s data seemed inaccurate or too fragmentary, those obtained by 
the investigator during his random day were used as the basis for 
monthly computation. 


WHAT DATA WERE OBTAINED. 


To the end that the reader may not be confused by the mass of figures 
which it is found necessary to present, some preliminary explanation 
and discussion of the data and their classification and arrangement is 
deemed advisable. 

It must be constantly borne in mind by the reader that the subject of — 
our inquiry was the cost of producing milk for the city market. 

On all of the farms where the investigations were carried on the pro- 
duction of milk was only one of the enterprises of the farm. On a few 
of them it was practically the sole enterprise, and crops were grown sim- 
ply to feed the herd. On other farms milk production was coupled with 
grain, vegetables, live stock, or fruit production for the market. None 
of these other enterprises were considered in any manner. 

Hach farm was conducted in accordance with the farming scheme of 
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the owner or the operator. The entire list might be considered as repre- 
senting a fair average of the farms contributing to the city’s supply. 
Possibly the farms studied were a little above the average because on 
the very small farm or the farm of a very small dairy, the labor incident 
to dairy production and management is not well defined and could be 
studied with less convenience and accuracy. 

If the problem of analyzing and arranging the necessary data were 
submitted to several accountants or to several economists with a request 
for each one to arrange the same in the manner that suited him best, we 
would not expect these arrangements to be identical or even to agree in 
many minor points. All, however, would doubtless concede that any 
single necessary expenditure incident to milk production could be 
charged under some one of the eleven classes of expenditures given be- 
low. 

For the sake of clearness, brief comment is made under each heading. 


EXPENDITURES. 


1. Man Labor. 

This item includes all labor performed in any capacity in the care of 
the herd, whether done by the proprietor or his family, or by hired help. 
The rate of pay allowed for the same was the market price of similar 
regular labor on the farm under investigation or in the neighborhood. 

2.. Horse Labor. 

This might possibly be better expressed by the title “Hauling Milk and 
Incidental Horse Labor,’’ because the cost of the milk was determined as 
being delivered into the city of Grand Rapids. The hauling price in 
many sections was 2¢ per gallon, but actual cost is included in each in- 
stance. Under incidental horse labor there would be charged the use of 
horses incident to the business management of the dairy enterprise or 
any other horse labor not elsewhere included. 

3. Feed. 

(a) Roughage. 

This included all hay and fodder, all silage, and for the sake of con- 
venience, all bedding. 

(b) Concentrates. 

Here are charged all grains or concentrated feeds used, those raised 
and fed on the farm as well as those purchased. 

When feeds were raised on the farm the price at which they would sell 
in the farmer’s barn was allowed. In the case of purchased feeds the 
cost of hauling was added to the purchase price. Where necessary, the 
cost of cartage of home grown grains to and from the mill and the cost 
of grinding was added to the price which the whole grains would bring 
in the farmer’s barn or crib. 

(c) Pasture. 

To ascertain the cost of pasture was one of the most difficult problems 
that was encountered, because there are not sufficient transactions in 
pasture privileges to create a market quotation or set a price. Since the 
real question in hand was not how much feed did the cows get from the 
pasture, but how much did the pasture privilege cost the farmer, the fol- 
lowing method was adopted: 

The pasture land was appraised by a competent committee at its real 


420 STATE BOARD OF AGRICULTURE. 


or sale value. On this value 5% was allowed as interest on the invest- 
ment. To this interest there was added the cost of fence up-keep, and 
the annual taxes. The total of these three items was then equitably dis- 
tributed among all the different animals grazing in the pasture during 
ihe year and so much charged to the dairy herd as was found to be its 
share. 

4. Cash Sundries. 

This item included ice, fuel for the heaters, or boilers, gasoline, wash- 
ing powders, and a considerable variety of small expenses not provided 
for elsewhere. 

5. Veterinary Services and Drugs. 

The money actually paid for medical attendance, and for conducting 
the tuberculin test in accordance with the Grand Rapids City ordinance, 
was charged to this account. 

6. Taxes, Interest and Depreciation on the Herd. 

An inventory was made of each herd at the beginning of the year, and 
any changes in the number of cows were noted by the investigator upon 
each of his monthly visits. 

A few of the herds were composed of pure bred animals. Since the only 
question under investigation was milk production, these herds were in- 
ventoried at such a price as grade cows of equal producing ability could 
be bought. The average value of the herd throughout the entire year 
was used as the basis upon which to figure allowances for taxes and in- 
terest, 

An examination of a large number of tax receipts showed that the 
farmer paid in taxes assessed against his live stock about 1% of their 
value annually. For money invested in live stock he should be allowed 
6% annual interest. 

The question of depreciation is not so easily disposed of. There are 
many ways in which this problem might be attacked, but after consider- 
ing many of them the following line of reasoning was adhered to, as rep- 
resenting the case in hand most completely and fairly: 

When we consider the average life period of a large number of dairy 
cows as kept on average farms, we shall find that it is between nine and 
ten years. It is true that many dairy cows live to be much older, and, 
in the case of pure bred cattle, some are kept to very old age. But when 
the several factors which tend to shorten the productive life of a dairy 
cow; such as udder troubles, abortion, failure to breed, accidents, sick- 
ness, etc., are taken into account, it will be found that the average age 
limit of common cows is nearer nine years than ten years. If this is the 
case, and the cows freshen for the first time at two years, there would be 
seven years of actual service in the herd. Since actual losses from death 
will be considered under another heading, we may use seven years as the 
working life of a dairy cow. 

The average value of 460 cows as taken during the first year’s investi- 
gation was $82.30. Out of this number (460 cows) 60 were sold for beef 
during the year, and brought an average price of $50.90. The difference 
between $82.30 and $50.90, or $31.40, would represent the depreciation on 
a cow for seven years. The eatly depreciation would, therefore, be one- 
seventh of $31.40, or $4.49 per cow. 

If we express this depreciation in terms of per cent of the value of 
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the cow, it would amount to 514% of her value. The critical examina- 
tion of considerable data on this point persuaded the investigators that 
5% of the value of a cow should be allowed yearly for her depreciation, 
when the actual losses occasioned by the enforced slaughter of animals 
condemned by the tuberculin test, and the losses by death from other 
causes, are not included. A summary of the items of taxes, interest, and 
depreciation on the herd would show: Taxes 1%, Interest 6%, Deprecia- 
tion 5%, or a total of 12% on the value of the cow. 

7. Taxes, Interest, Insurance, Repairs and Depreciation on Buildings. 

A committee of three visited each farm during each year, and’ placed a 
valuation on so much of the barns, yardage, milk houses, ice houses, and 
water supply, as was needed for the housing of the dairy herd, the stor- 
ing of their food, and the care of their product. 

It is easily apparent that one should not include in this inventory the 
farm buildings not used for dairy purposes. Some of the farms studied 
had very elaborate building equipments and were keeping only small 
herds of dairy cows. In these instances only so much of the building 
space was included in the inventory as would reasonably provide for the 
herd kept. 

On the total inventory valuation of this equipped portion of the barns, 
yardage, milk house, ice house, and water supply, 10% per year was al- 
lowed as properly providing for the insurance, taxes, interest, repairs, 
and depreciation of the same. 

It is true that during the time within which these investigations were 
in progress many of the farmers did not spend 10% of the valuation for 
these purposes, while others spent considerably more. Expenses for re- 
pairs and up-keep of buildings are of necessity intermittent, conse- 
quently during the years when such expenses are small some farmers are 
accustomed to regard their net returns as profits, forgetting that some 
of their income in chargeable to the year’s wear on the buildings. 

8. Depreciation on Equipment. 

Under the head of Equipment there were included the forks, shovels, 
brooms, wheel barrows, carts, pails, milk cans, coolers, and all such uten- 
sils as were required in the stable or the milk house, to care for the cat- 
tle and the barns and to handle and deliver the milk of the herd. 

The rate of deterioration on tools and equipment of this class is very 
high, and milk ordinances and general dairy laws require that milk pails, 
coolers, and milk cans, be in exceptionally good condition. From con- 
siderable data kept it was evident that an allowance of 25% per year is 
none too high a rate on this kind of equipment. 

9. Actual Losses in the Herd from Tuberculosis and from Death from 
all other Causes. 

Such a variety of opinions are met with relative to the real cost to the 
milk producer of complying with ordinances prescribing compulsory 
testing of all cows whose milk enters into the city trade, that the investi- 
gators kept this information as a separate item. 

In compliance with the Grand Rapids ordinance all cows were annual- 
ly subjected to the tuberculin test. Those reacting were slaughtered un- 
der proper inspection, and if the carcasses were passed by the inspector 
they were sold for beef. Whatever net sum the owner received for the 
reacting animals was credited to his account and deducted from the in- 
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ventory value of those particular animals. Whenever a cow died from 
other causes, and a few did die, the inventory value less the sum received 
for the hide, was charged to this account. 

10. Added Earning Power of the Owner in Excess of that Possessed 
and Exercised by other Labor. 

It was explained under Expenditures, Item No. 1. “Man Labor” that 
the rate of pay allowed the owner or proprietor, was the same as that for 
which ordinary help could be secured on the farms of the neighborhood. 
Obviously this rate does not compensate the owner for his supervising 
ability, or the added value of his services due to the fact that he as owner 
possesses a double interest in the outcome of his undertakings. The 
truth expressed by the old adage “The eye of the master fattens his cat- 
tle” is especially applicable to the care of a dairy herd. 

On those farms where this sort of supervision and ability was hired 
and paid for, the portion of the manager’s wage which could be charged 
to this item alone, amounted to 50c per month for each cow in the herd, 
or $6.00 per cow for the entire year. 

11. Added Risk due to Possible Loss of Market. 

If the City of Grand Rapids had been able to use as whole milk all the 
milk produced in its natural milk producing district, this item would be 
reduced to its minimum; but since there was produced within the dis- 
trict a much larger supply than the city could consume, a considerable 
portion of the milk produced had to go to market in forms other than 
as market milk. It was frequently noticed that a milk dealer would se- 
cure a farmer’s milk supply at a rather low price, telling the farmer that 
as soon as he improved his stable and herd and had better facilities for 
cooling and storing the milk, he could pay him a better price for the 
same. But, after the producer had properly equipped his dairy and 
asked for the better price which he had a right to expect, he often found 
that the dealer could not use his milk because he could buy of other be- 
ginners at the lower price and tempt them with the never-to-be fulfilled 
promises. 

It was also commonly remarked that the producers who were most 
active in organizing and promoting the interests of the Milk Producers’ 
Association were most frequently left without a market. Be this as it 
may, the investigators found that about one-fifth of the surrounding 
farms lost their market each year and were compelled to sell their cream 
for buttermaking on the regular butterfat basis. The risk, therefore, 
that each of these farmers sustained, would be represented by the dif- 
ference between the price which their product would have brought as 
whole milk and what it did bring when the cream was sold for butter- 
making and the skimmilk used on the farm. If all the milk produced 
each year had been sold on the butterfat and skimmilk basis it would 
have brought approximately 70% of the price which it did sell for. The 
loss of market for a single year amounted, therefore, to 30%, and since 
it was estimated that this market loss would occur one year out of every 
five, only 14 of 30%, or 6% should be charged yearly to represent this 
added risk. 
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Cost of the Sire. 


From considerable data kept at this station, and an examination of 
much published data, it was concluded that the average cost of bull sery- 
ice, and the average value of calves at birth, or at the time the milk be- 
comes normal, differed but slightly. The averages of a considerable 
number of those figures showed a difference of less than one dollar per 
cow per year. In order to allow the farmer and the investigator needed 
time for less familiar data these two items were allowed to balance. 


RECEIPTS. 


i Milk. 

All milk produced by the herd throughout the entire year was credited 
to the receipts. The milk used in the household and that fed to calves, 
or used for other purposes, was accurately weighed and credited at the 
price which it would have netted the producer at his milk house. 

2. Manure. 

It is obvious from what has already been said that the field investiga- 
tor’s time was too thoroughly occupied to permit of weighings being 
taken of the amount of manure produced. 

A large amount of very reliable data has already been published on 
this point by a number of State Experiment Stations. If we take the 
average of a number of these and express the results in even tons, we 
shall find that a cow weighing 1,200 Ibs. voids approximately twelve tons 
of manure in a year. Taking these weights as the standard, the manure 
product of each herd was ascertained on the basis of the average weight 
of the cows in the herd. 

To place an equitable value on the manure at the barn is not an easy 
task. After one has examined the best literature on the subject he is 
even more thoroughly convinced that investigators do not agree as to the 
best method of approach to the subject. Further, since the food of the 
animals, the methods of management of the litter, the differences in soils, 
and the uncertainties of the weather, are factors affecting the value of 
the manure, it is probably inconsistent to expect such an agreement. 
Taking into consideration the fact that on most of the farms a very ap- 
preciable portion of the manure, was voided on grounds less capable of 
giving commensurate returns, and in yards and lanes where its collec- 
tion entailed high labor costs, the investigators concluded that a value of 
$1.50 per ton for the entire yearly product was equitable. All farmers 
were therefore charged at this rate. 

3. Calves. 

From what has been previously stated the reader will know that the 
enterprise of raising young stock on the farm is in no way included as a 
part of market milk production. All milk which was used for calf feed- 
ing was credited to the milk account at the gallon price which it would 
have brought at the farmer’s milk house. As has already been stated un- 
der “Cost of Sire,” the value of calves at birth was allowed to offset the 
bull service charge. 
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THE DATA. 


A. Summarized Data. 

To the end that the data may be presented in as plain and simple a 
manner as possible, four brief, partial summaries will be given first. 
These will be followed by other tables which show in much greater detail 
the facts and figures from which the partial summaries are obtained. 

Table I which follows, shows the average daily labor requirement per 
cow when all of the cows on all of the twenty-five farms are considered. 
The number of cows kept on the different farms varied somewhat from 
month to month, consequently the average number of cows on all of the 
farms is used. 

Accurate records were kept at each farm of the several barn operations 
which are necessary in the care of dairy stock. For convenience the 
time of each operation is expressed in minutes per day. 


TABLE I.—AVERAGE TIME REQUIREMENT PER DAY FOR THE CARE OF ONE COW. 


1914. 1915. Approximate 

Operation. 459 .46 cows. 428 .57 cows. per cent 

Minutes. Minutes. of each. 
VEIN CIT pees sMetiere Nga totand sete, hoe SIRE ee ee ero tel eae te oe 16.33 16.14 57% 
Needing.) 7 <iiaeh acti a catohig TNscetren oe EIS een tiem 3.85 3.39 12% 
Cleaniny COWS so.d210 = Scie mene eee koe eee .35 .38 13% 
Cleaning barns and other care of cattle............ 4.92 4.95 17% 
Care of milk'and dairy utensils. ~. 30.0... 2 ss.2-4 eisal 2.88 10% 
Incidental laborers seh ace ee ae eee ee | 42 EGial 2% 
Business management s-5.06 Fes cee Cok aoe eee 15 15 2% 
: 100% 


BONEN oR A Sie Se ce eee ae ee 28.73 28.56 


The reader will keep in mind the fact that these tables simply report 
the time actually spent. Some of the farms produced a very high grade 
of milk, while the product from others could not be rated above medium. 
Upon some farms more time could have been spent in some of the opera- 
tions. From data which the writers have collected in other herds it is 
shown that one minute per day is required to clean a dairy cow in a Sat- 
isfactory manner. 

One may conclude from the above Table that the care of a dairy herd 
will consume approximately one-half hour of a man’s time each day for 
every member of the herd. 

Table II reports the average yearly food supplied to the average cow 
during the two years 1914 and 1915, together with the actual value for 
the same. 
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TABLE II—AVERAGE YEARLY FOOD REQUIREMENT FOR ONE COW. 


F Pounds 
Kind of feed. | Cannibal Value. 
SHB HiT (CEOS iy ECG soader aes nod. ocenoe anoduoneocodeoudnec | 7,729 $15 06 
MiyerOurnace Including DEGGINE -*; wii gck vase cecta ee esice ence caess 3,321 14 52 
Meche PN een oe ee ate rr Te Padetone ae rae aeree hens wie Rit wvS elelaatiee sani 2,343 27 68 
DEN URLOE SC ent se Sats ete. vara cs tainted s iovadlonchnee 7s acs oe ietoi sl acaf'cire) oSei oe role sore le”custe,|ie'alevers ets"s plete ecets 
ROTA COS or occhoteti sa a racch atobateabcotel.e Siekage Speed Gl vhs SACP ens decayny sibs |rvre eter e eee $65 24 


In the judgment of the investigators the cattle were well fed and as 
economically fed as local conditions would permit. In a few instances 
more bedding could have been used. 

In studying the expenditures one is not so interested in the total ex- 
penses of the several farms, as he is in those comparative figures which 
enable him to grasp the data and understand their significance with 
ease. 

The data might be so arranged as to compare the several farms or their 
herd production by using the expenses incurred by producing a gallon of 
milk as the basis or unit for comparison. Such a basis would suffer 
from the criticism of being too small and would likewise be an unfamiliar 
one. A more convenient unit of comparison, and a much more familiar 
one, is a cow. 

In Table III there will be found the average yearly expenditures per 
cow for the year 1914, and also the same average expenditures for 1915. 

Table III shows that the total expenses per cow in the year 1914 were 
$150.57, and in the year 1915, $150.29. If one examines the table still 
further it will be noted that the average cost of man labor for one cow 
was a little less than $30.00 per year, and that milk hauling and other 
horse labor cost about $15.00 per year,—a total of $45.00 for the entire 
labor item. It further shows that this average cow consumed feeds to 
the value of about $65.00. All the other expenditures which are fre- 
quently classed as over-head charges, amounted approximately to $40.00. 

If we express these three classes of expense in terms of per cent, in 
round numbers they will show the following proportions: 


MIAO oie oe oon rel coat goes ee ates Gaveds ee Ohishi CEN es Bie ece 30% 
a Pa Sobek Gack eet Cay tara a nay oe Rees ae mage tare aes 45% 
Overheads Cnatees <n 2s say 82 Bia 5 Sn eck sre a asi eha meee 25% 


A comparative study of the two years’ expenses, item by item, reveals 
the fact that the losses from tuberculosis and other death are the least 
constant of any of the items. The explanation of this variation is that 
nineteen head of cattle were condemned for tuberculosis during 1914 and 
seventy-five head during 1915. 
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TABLE III. ie ee YEARLY EXPENDITURES PER COW, THE TOTAL NUMBER OF 
COWS AND ALL THE FARMS BEING CONSIDERED. 


1914. 1915. 
| 
Total number ‘of farms: -3 ihe ee eee ie ee eee 25 25 
‘Average number OL COWS:fOr Veale. a eee er. fates cies 459 .46 428 .57 
EXPENDITURES 
Man Vabor crs, Gayo tie tices Pee oe eee PRL eek el esis we seas ay hiage 28.68 27.19 
Hauling milk and other horse labor including R. R. transportation 
WHEN SMECESSATY). 75 /cvecas age sie crae she eT Dieta TR oe ete ene oe 15.54 14.77 
Feeds: 
OUP BRE io soca cycteles «15.2 erelencireie esata ate, 0 otek CI ee GE oe 31.02 30.38 
COHCENUTALES He crass, spt ate Serare Ciera he On ce Pea a eee ee eee 28.61 26.68 
IPAS UULLOS |S) ores os a'sie aieeones oils ONS Ine cadet oceueae Wie oalerarene atelor er eh ar OE aeons 8 36 7.66 
WAaSWISUNGTIESs.. eherch vale sake etn) Mae oe ee at aaieie Arne pie at ree ee 96 ad 


1 
Veterinary services and drug inte adie bteve rspdhes-scthe sca 70e.Raeuaratet ove, whorekete even e te 
Taxes, interest and deprecintian ONSHELG? oi ico ee re 9. 
Taxes, interest, insurance and depreciation on buildings............ 8.72 10.33 
Depreciation on=barn. toolsiand Gairy utensils... see os een ee 
Actual losses from tuberculosis and other death................... 1 
Added earning power of owner due to ino wledge, , experience and in- 
terest in excess of that possessed and used by ordinary labor. . 6 
Added.risk due to instability of market for product as whole milk, 
which in single year amounts to 30%, and in one year out of 
every five years; wonldibe' 69.7.2 ae o> ee eee eens 8.47 8.30 


POUL y oiotans ore n agate ote 0 oeetn ss te lote) ovedeinee Stay ese OE etree $150 57 | $150 29 


Table IV shows that the average milk yield per cow was 6,928 tbs. dur- 
ing 1914, and 7,156.8 Ibs. during 1915. The average gallon price dropped off 
a little in 1915, so that the value of the average cow’s milk in 1914 was 
$141.35, and in 1915, $139.01. If to these sums we add the manure cred- 
its for the respective years, we shall have as the total value of products, 
$158.80 for the year 1914, and $156.60 for the year 1915. If from each 
of these two totals we substract the total expenses for each year, as 
shown in Table III, a net profit of $8.23 per cow will be shown for 1914 
and $6.31 for the year 1915. 

From Table IV it will be seen that the cost of production per gallon 
was 15.9 cents in 1914, and 15.39 cents in 1915. The net profit per gal- 
lon was a little less than one cent during the first year, and only seven- 
tenths of a cent during the second year. 


TABLE IV.—AVERAGE Nae RECEIPTS PER COW, THE TOTAL NUMBER OF COWS 
ND ALL THE FARMS BEING CONSIDERED. 


1914. 1915. 
Total number of farms) oi s.c.c1 cise teres ack ee cee ee eee 25 25 
Average number Of Cows Per year: 2320s esc oe ee perce seen oe 459 .46 428 .57 
RECEIPTS. 
Avetage pounds-of milk: produced: : <2 <0 = seravo ne soe else oa ee 6,928.00 lbs. 7,156.8 Ibs. 
Gallons:of milk produced s.-% a. on sei ee eee eee 834.70 gals. 862.3 gais. 
Average price per gallon delivered into Grand Rapids............... 16.90c 16.35c 
Valueiofamilk produced’. 3/5 eccre see ee ee $141 35 $139 O1 
Credit(Dy “Manure :..225...% sic seared oe neta ce een ae eee ate $17 45 $17 59 
sLotal value'ot products. per COW <:n5-7 esse ee ee ee eee $158 80 $156 60 
NEGt-DrOHtsDEr COW eis oiar siaccovarave oa-Slees Ra Rel Pee oO e Oe ee Ceres $8 23 $6 31 
Costiof production per, gallon.) 9c. cts ce eee ree oe eee 15.9c¢ 15.39¢ 
Netiprotit perieallonie na. sacha eee eee Clete aleenhas aero 1.0c .7¢ 
Cost of production and delivery per cwt.........0...0ccc0sceuse $1 916 $1 854 
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B. Detailed Data. 

From the standpoint of logical arrangement the Detailed Data should 
have been presented first, and following this the summarized data. The 
reversed order, however, is intended to give the reader a birdseye view 
of the facts before he examines at greater length the information which 
the following tables present with the necessary detail. 

Table V, besides showing the number of cows on each farm at the be- 
ginning of each fiscal year, gives the average number of cows for the en- 
tire year; and further, presents the inventory of cows, buildings, and 
other dairy equipment. In each case the column headed “per farm,” 
gives the total investment for the entire farm, while that headed “per 
cow,” shows the proportionate investment for each member of the herd. 


TABLE V.—INVENTORY SHOWING THE INVESTMENT IN DAIRY CATTLE, BUILDINGS 
AND EQUIPMENT ON TWENTY-FIVE DAIRY FARMS FOR THE YEARS 1914 AND 1915. 


| Number of cows | Average number F 
at beginning of of cows for Investment in dairy cattle. 


each year. each year. 


Number of farm. 


First Second | First Second | First year. | Second year. 

1914, 1915. | | Per farm. | Per cow.| Per farm. | Per cow. 

Ue ee cesierar tet iene oes US a es oe S.Garl| 2 scree ae $588 00 | $68 | Se rds PS als oot ove 
sti Naxs\ aves scene ohio diol 20 13 | 13.387 7.53 | 1,350 00 97 33 $432 50 $57 43 
paeanwaviar ste.c clieserecs, oye ik 10 9.30 10.18 794 00 85 37 850 00 83 49 
SPs ee 10 10 — 9.67 10.38 655 00 67 73 850 00 81 88 
hich <igin siesta rere 28 35 | 30.82 34.76 | 1,811 00 58 76 | 2,235 00 64 29 
Grave re) syenete eieceycls. stave 16 23 | 25.78 22.35 | 1,913 00 74 20 | 1,760 00 78 75 
The Papert, Hoa UG :she zs tates | a AMOR Ase ei 1,175 00 EPL OE | ere roya tate Sieve linvaie oteeee 
ihc tase hare ale terem oct 33 32 | 32.91 30.81 | 2,065 00 62 25 | 2,350 00 76 2 
pi aan canoe 16 16 | 15.74 14.99 | 1,735 00 | 110 22 | 1,600 00 106 80 
Deere 6 shen a 13 11 i bs Psy 8.15 880 00 76 06 750 00 92 02 
11: ie ees 19 16 17.46 15.04 | 1,805 00 | 103 38 | 1,167 00 77 59 
1 eS ta ey RE ee 17 12 IL .27 14.13 | 1,430 00 | 126 89 | 1,220 00 86 34 
DS imete choseiats ase.chs ot 24 16 18.28 13.88 | 1,895 00 | 103 66 | 1,607 00 115 78 
AT Here io Satis oS ROSS. ors 7 9 7.32 8.13 470 00 64 03 95 00 85 47 
LT ate eee Se 19 18 18.10 19.99 | 1,395 00 77 07 | 1,265 00 63 28 
Be eee ea tei, AG amet) dope LD AOD ES pee one 1,435 00 0D LS ee cased ene 
Barta et A pare mae 53 49 51.80 11.83 | 4,645 00 89 67 980 00 82 84 
Dayacter apenoney cen at ees. 28 28 28.44 28.46 | 2,440 00 85 80 | 2,450 00 86 09 
1 ee es Seam 24 24 18.89 20.50 | 1,990 00 | 105 17 | 1,960 00 95 61 
BAUS A eae eet eae 10 6 7.64 6.81 750 00 98 22 470 00 69 O1 
Me ide Seite eke 20 21 19.81 22.23 | 1,355 00 68 40 |} 1,715 00 77 14 
Denes aiene aM ZaNetel soo 78 20 17 17.70 18.40 | 1,430 00 80 79 | 1,250 00 65 48 
Pin Nat tn ete, ee a QO ee Ne 262383406506 7 ,092 00 MEADS ods (toes erate Soe a 
7 BRE cD Sea re 11 12 11.47 11.99 55 00 65 73 728 00 60 72 
PAT Re eA ae eee 13 12 12.67 P75 963 00 76 00 933 00 79 40 
enOla soho yvasire rags NS etek ese Dh Wits joa ean. - UG 258 Gl ests os ayes, aai|inc ag © sistas 1,860 00 112 18 
liken sarloitas eae thaws. nape ee oe Pai ee eee oe ZO I se) ea scotovepe atone ates ,680 00 G5t72 
7 CO ERA ER he a [pL ew TD, erates ace LAS SG? | ies cceal | selene «eke 760 00 60 51 
POSS ST EAE Ce Geen SIP NS scrote are SPOS) lv te seis wc eae « ealees 2,387 00 75 58 
Be Sif 19 oy ROE aR aN Peet ea ol [ne ea lest ee |e a es Md ee S82 SOM nee ree $79 12 
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TABLE V.—INVENTORY SHOWING THE INVESTMENT IN DAIRY CATTLE, BUILDINGS 
she ere ae ON TWENTY-FIVE DAIRY FARMS FOR THE YEARS 1914 AND 
1 .—Concluded. 


Investment in dairy buildings. Investment in dairy equipment. 
Number First year Second year First year Second 
mer meg eS irst year. cond year. irst year. econd year. 
1 ae oe Spee aoe a 
Per farm. | Per cow.| Per farm. | Per cow.| Per farm | Per cow.| Per farm. | Per cow. 
Nia ove te ats os ats S917" OOF S106) 25a fo mee alias eam $13 76 | $1. 59 | cic score ciel ee 
ta eWeek Nopeiete ve 1,168 00 84 21 |$1,165 00 |$154 71 19 00 1 37 $17 44 $2 31 
RIG OmIn Saree 1,188 00 | 127 75 | 1,188 00 | 116 69 16 72 1 79 18 54 82 
Ai ieaue a Sisters Oe 2 00 65 34 632 00 60 88 36 96 3 82 18 32 76 
ED iaue iar ets lots levers 1,278 00 41 14 | 1,733 00 49 85 19 88 64 29 84 86 
Gripe pests fatsic 2,433 00 94 37 | 2,433 00 | 108 81 37 24 | 1 44 37 38 1 67 
UetxPous) cpiove oles 1,208 00 SOuON I Se a. iroccteuecell exes owerane rs 12 96 Bl |g v. sausvave aes erates 
340 CROSSE Ge 1,850 00 56 21 | 1,850 00 60 05 64 90 1 79 54 00 1-75 
Oivonebats chetegecere 1,967 00 | 124 97 | 1,967 00 | 131 23 33 76 2 14 48 48 3 23 
LO fe tarsscere cbse ; 00 144 43 | 1,671 00 | 205 03 19 04 1 65 12 76 eins 
| 

Bad) erie aneteeya euete 1,642 00 94 04 | 1,656 00 |} 110 11 27 52 | 1 58 33 12 2 20 
[2 gos sakconia e, eee 1,908 00 169 30 | 1,908 00 | 135 09 22 44 | 1 99 28 00 1 98 
US) Sr vieretereiaveloes | 1,400 00 76 59 | 1,400 00 | 100 86 26 66 | 1 44 21 52 1-55 
Va ee ah ate oars - 00 | 223 37 | 1,637 00 | 201 35 85 | 1 35 8 24 1 Ol 
Are efor < 1,300 00 71 83 | 1,395 00 69 79 118 35 | 6 54 96 76 4 84 
WG 225s ests 942 00 AIG SBD laser: sare sotetedl Menace 43 52 |! 2) 28.) \'ois sranssuntsees| etekaneneenene 
iG frctesieey apo | 2,850 00 55 00 | 2,850 00 | 240 92 170 56 | 3 29 68 24 wy is 
stb. Scheu aaa 2,595 00 91 25 | 2,700 00 94 90 30 20 1 06 41 12 1 44 
LOR accpepeeie nt cls ; 00 52 90 | 1,000 00 48 78 55 96 2 95 47 20 2 30 
DO in ttercteta eee asec 863 00 | 112 96 63 00 | 126 72 16 40 | 215 11 88 1 74 
Lay 
1 67 
ae 
ps U7 
1 69 
1 18 
135 
2 09 
AV ETALB 5 sails ts aveucianess CTY ier: Si ere rete S103) 284) zero | $2 O1 $1 93 


In reviewing Table V it will be noted that the average value of the 
cows for the first year was $82.30 per head, and for the second year 
$79.12 per head. There is considerable variation in the barn investments. 
The range of such investment is from $41.14 on Farm No. 5 for the first 
year to $240.92 on Farm No. 17 for the second year. The average of the 
housing investment is $87.24 for 1914 and $103.28 for 1915. The inyest- 
ment in housing varied with the size of the herd. For herds of twelve 
cows or less, it averaged $175.58 per cow; for herds from thirteen to 
twenty cows, it averaged $94.49; while for those herds above twenty cows, 
the average was $72.61. 

The investment in pails, cans, strainers, coolers, etc., averaged less 
than $2.00 per cow. 

If one expresses these three classes of investment in terms of per cent 
it would be proximately as follows: 


Investment in Cattle.......... 5 ae wee We eae Roe) 
Investment*in: Buildings. 34 <3.eaeseee eee b deca eg 
Investment in Equipment......... sheia en nceeke Soe aRe pee 
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When individual farms are studied a considerable range of investment 
per cow is noted. This is occasioned by the kind and conditions of the 
cows; the number, age, and state of repairs of the buildings; and the 
amount, and condition of the other equipment. 

Table VI which follows, gives the taxes, interest, insurance, and de- 
preciation on the cattle, buildings, and other equipment on each of the 
farms for each year. It also gives in its summary the general per cow 
average for each of these items. A rather marked variation is noticed 
in these items when the individual farms are compared. Since these 
farms were not all of the same class a considerable range is inevitable. 

When a comparison is made between the general average for the two 
years a more stable condition is observed. 
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The largest item entering into the dairyman’s expenditures is feeds 
_and bedding, comprising nearly 45% of the total charges. The amount 
of feed consumed, and the prices of feeds determine in many cases a 
profit or loss. 

As previously explained, all farm feeds are charged at market price, 
less the cost of hauling. Farm grains that are hauled to mill for grind- 
ing have the actual cost of hauling at farm prices for labor, and cost of 
grinding, added to the price of feeds. On all purchased feeds the cost of 
hauling was added to the price of the feeds. 

A standard price of $4.00 per ton was charged for silage, except where 
the quality was very poor. In such cases the price was cut according to 
quality. 

In the year of 1914 roughage was very scarce and high priced in the 
vicinity of Grand Rapids, while in the year 1915 it was very plentiful 
and moderate in price. These conditions had a marked effect on the 
total cost of feeds and the amount fed each year. 

Table VII shows the number of tons of feed fed per cow, and the value 
of the feeds and pasture. In every case the bedding is added to the 
roughage. 

The cost of pasture varied greatly on the different farms, ranging from 
$2.77 to $15.65 per cow. The rental for the permanent pasture was based 
on the value of the land; other pasture privileges, such as meadows, were 
charged according to the amount of feed furnished. The number of acres 
of pasture, length of pasture season, number of cows per acre, and 
amount of feed used in supplementing pasture, affect the general 
charges per cow. 

The total charges for feeds and pasture for one year vary in the dif- 
ferent herds from $39.27 to $93.54 per cow, or a general average of $65.24. 
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LABOR. 


Man Labor. 

As already stated the labor on the different dairy farms was done by 
the owner or operator, assisted by necessary hired help. On the majority . 
of farms the women wash the utensils, but it is conceded that their labor 
in this capacity is as efficient, if not more so, than man labor. Very 
little child labor was used. 

For a comparative study, labor was divided as follows: Time feeding, 
cleaning barns and care of cows, milking, care of milk and cleaning uten- 
sils, business management, and incidental labor. Only the actual time 
spent in performing these operations was considered. Table VIII shows 
the average time spent on each farm per cow for one year and the cost. 
The average time spent per cow for the year 1914 was 175.1 hours, and 
for the year 1915, 175.4 hours. 

The price of labor per hour was based on what the monthly laborer 
received for his services, plus board when boarded by the employer. The 
farm laborer received from $25.00 to $30.00 per month plus board, which 
was figured at $3.00 per week. 

In determining the labor cost per hour, actual time spent in the dairy 
was considered. The ten hour day was used as a basis. The average 
price of man labor per hour for 1914 was 16.38 cents, and for 1915, 15.49 
cents; and the average cost of labor per cow per year was $28.68 for the 
year 1914, and $27.19 for the year 1915. 

Horse Labor. 

Only such horse labor as was actually spent in the dairy business was 
considered; namely, time spent hauling milk, feeds, and incidental labor. 
All horse labor was charged at ten cents per hour per horse. For con- 
venience the cost of the incidental horse labor was added to the cost of 
hauling the milk, and the cost of all horse and man labor spent in haul- 
ing feeds was added to the price of the feed. 

Table VIII which follows, contains a record of the time occupied in 
performing the several operations in the care of the herd. These data are 
presented on the basis of the care of one cow for the entire year. 
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Inasmuch as Table I presents a summary of Table VIii further com- 
ment is unnecessary at this point. 

Those expenditures which have not already been presented are grouped 
in Table IX. Many of these items could be classed as overhead charges. 
They comprise the cash sundries, payments for medical attendance, losses 
from tuberculosis, and charges for other risks sustained, or services ren- 
dered by the producer, which have not already been provided for. 

The last four columns of Table [IX are summaries of all items of ex- 
penses as shown in Tables V., VI., VII., Viil., and LX. 

For an explanation and general discussion of the data comprising 
Table IX., the reader is referred to sub headings 471 inclusive under 
the general outline of expenditures presented on pages 6-8. The 
only items which need further explanation are those headed “Losses from 
Tuberculosis and Other Death.” 

During 1914 nineteen cows were condemned for tuberculosis. Their 
total inventory value was $1,475.00. From the sale of their carcasses 
there was received $971.40. The difference of these two numbers, or 
$503.60, represents the loss on account of tubercuiosis during the year, 
an average of $26.50 for each animal so condemned. 

During 1915, seventy-seyen cows reacted to the tuberculin test in the 
twenty-five herds under investigation. The total inventory value of the 
entire seventy-seven was $6,107.50. Such of these as passed inspection 
were sold as food, the remainder were utilized for tankage. The receipts 
from these two sources, together with the money received as state award 
for such slaughter, amounted to $4,180.45. This sum taken from the in- 
ventory value, leaves a total net loss for the year of $1,926.85 in all herds, 
an average of $25.02 for each condemned animal. 

The total number of deaths was six for 1914, and sixteen for 1915. The 
net death losses for 1914 were $3589.75, and for 1915 $750.00. By net 
death losses is meant the actual losses to the owner when receipts from 
hide and from insurance, if any, have been deducted from the inventory 
value of the animal. 

If one were to compute fron the foregoing data the per cent of risk on 
the value of the herd as shown by the records of these two years, and the 
cows actually under observatiuvn, it would stand as follows: 


Allowance on account of compulsory tuberculin test.. 
SANA SAY tI Fay Ae ra 3.4% of inventory value of herd. 

Allowance for net losses from death....... Seo etree OG 
anid s cehb sieve saa vars si L-O% Of Inventory) Value.oL Heras 


The total of these two items could be approximately represented by 5% 
of the value of the herd. 
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Table X contains a summary of the gross receipts for each herd for the 
two years. Besides giving the total pounds of milk produced, the aver- 
age production for the herd is shown. Following these columns is the 
average price of milk per gallon which the farmer received when de- 
livered at the distributing plant or railway dock in Grand Rapids. The 
reader will keep in mind the fact that the prices actually paid were sea- 
sonal. While the practice was not entirely uniform, many of the pro- 
ducers sold for a summer price during four months of the year, and for 
a winter price during the remaining eight months. The average gallon 
price, as shown in the table, is obtained by dividing the farmer’s entire 
milk receipts by the number of gallons sold. 

The total value of milk produced includes not only that which was sold 
for the city milk trade, but also all the milk used on the farm or in the 
farmer’s household. As previously stated, all milk used on the farm was 
charged at the price which it would have netted the producer at his milk 
house. 

Table X also contains the credits for manure produced by each herd. 
An explanation of these credits has already been given under the head- 
ing “Manure” on page 9. 

The total herd receipts for each of the two years, and the average re- 
ceipts per cow, complete the table. At the bottom of the table the gen- 
eral average of each of the items will be found. 
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Table XI completes the accounts for the several farms and shows the 
net receipts together with the profit or loss, as the case may be. The 
third double column headed “Net Profit per Herd,” shows that during 
the year 1914 on eighteen of the twenty-five farms, the dairy enterprise 
was conducted at a profit, and that during the same year the dairy 
enterprise was an occasion for loss on the remaining seven farms. Again, 
in the second year, there are eighteen farms in the profit list and seven 
that show a loss. Of the seven losing farms four showed a loss during 
both years, one showed a profit during the first year, and the remaining 
two were under investigation during the second year only. 
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if one computes the average profit on all the profitable dairies and the 
average loss on all the unprofitable ones, it would be expressed as fol- 
lows: 


Average yearly profit for 18 dairies..............§281.438 
Averace. yearly loss for: (. Gairies . 3:45 3.2% «ei, erin 256.61 


If the number of profitable and unprofitable dairies were expressed in 
terms of per cent the showing would be as follows: 


Numer Of “ProntaDle GaILiGs: 2c ow. cw os ieee oe ws Gs 8 72% 
NWimber of anprotitable: dairies o 2. sass ence ee cee: 28% 


Some readers will want to know why these unprofitable dairies were 
operated at a loss. In other words, they will ask the investigators to 
diagonse the case and locate the trouble. The following brief notes in- 
dicate the major causes. 


Dairy No. 2. 

Lost in 1915. Main cause was tuberculosis, the loss from this source 
averaging $25.69 for every cow kept in the herd. The secondary cause 
for loss was the low price received for the milk product. The gallon sell- 
ing price each year was less than the general average of all sale prices. 


Dairy No. 3. 

Lost in 1914. The dry summer of 1915 caused a marked shortage of 
dairy feeding crops. This farm being one of those where a considerable 
amount of summer feeding was necessarily practiced, the more expen- 
sive winter feeding of 1913-14 was not relieved by resourceful and cheap 
pastures in the summer of 1914, consequently the sustained supplement- 
tary feeding absorbed the possible profits and entered the field of real 
loss. 


Dairy No. 7. 

Lost in 1914. The feeding conditions on this farm were quite similar 
to those of Dairy No. 3, mentioned above. More expensive cartage of 
feeds and hauling of milk are responsible for additional losses. The 
milk hauling alone exceeded the average cost by $8.75 per cow. 


Dairy No. 10. 

Lost in 1914 and also in 1915. The loss during 1914 cannot be attrib- 
uted to any particular cause or class of causes. The loss for 1915 may 
be explained by a rather low production. A portion of this low produc- 
tion was directly chargeable to several cases of udder trouble, some far- 
row cows, and one death. 


Dairy No. 12. “ 

Lost in 1914 and also in 1915. The main reason for the losses on this 
farm was the large number of animals condemned on account of tuber- 
culosis during the year 1914. The lower selling price for the second 
year, grade of milk being duly considered, was the leading cause of loss. 


Dairy No. 14. 
Lost in 1914 and also in 1915. This farm was not equipped with a 
silo. The production was consequently lower and the feeds relatively 
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more expensive. A secondary cause of loss was the higher cost of hous- 
ing. The buildings were really very superior, as has been shown by the 
inventory. 


Dairy No. 17. 

Lost in 1914 and also in 1915. The loss of the first year can be traced 
to no special cause as a fault in production, unless it might be that of 
too liberal feeding. 

The reader will note that the wholesale price of the milk was 20e per 
gallon. It is very doubtful if milk of the grade and quality of that pro- 
duced on this farm could be profitably put upon the wholesale market 
at that price. 

During the second year still further losses were occasioned by a large 
number of reacting animals. 


Dairy No. 20. 

Lost in 1914. With the very narrow margins of profit at which dairy 
production is conducted, it is inevitable that some will lose. This herd 
had a reasonable production and its general conduct was not such as to 
deserve a loss. 


Dairy No. 27. 

Lost in 1915. In this herd the production was low. Feed and labor, 
however, were commensurately inexpensive. The items showing the 
greatest occasion for loss were hauling milk and other horse labor, which 
amounted to 3.9¢ per gallon. 


Dairy No. 29. 

Lost in 1915. The market for the grade of milk produced in this dairy 
was not sufficiently extensive to take care of the business enterprise as 
conducted. The necessity of maintaining a constant milk flow, and the 
attendant added feeding charges, coupled with death losses, were among 
the secondary causes for an unprofitable year. 

In reviewing the above notes, a reader might possibly assume that the 
dairies showing the greatest losses on account of compulsory tuber- 
culin test were those just beginning to put their product on the city 
market. This was not true, because the greatest share of such losses 
actually did occur in those herds in which city milk production had been 
continuously carried on for a number of years under city inspection 
with compulsory annual tests by the city authorities. 

The question that will arise in many readers’ minds is: Under what 
conditions are profits or losses brought about? 

No one factor seems to determine a profit or loss. In some cases high 
producing herds have failed to be remunerative; while in others very 
low producing herds have made a profit. The cost of labor, feeds, the in- 
vestment, as well as the system of management of the business, are im- 
portant factors. Losses due to tuberculosis played a very important 
part in raising the cost of milk, and since these losses are occasioned by, 
and sustained wholly in compliance with city ordinance, it is eminently 
fair and equitable that the producer should receive sufficient compensa- 
tion for his improved product to safeguard him against losses from this 
source, 
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Buildings poorly arranged, hauling feed and milk in small quantities 
for long distances and the, maintaining of low producing cows, tend to 
raise the cost of production. 

Moderate investment in buildings and equipment, systematized labor, 
moderate priced feeds, and high producing cows, are inducive to profits. 
On the other hand, the price received for the product determines a profit 
or loss when milk is produced under economical conditions. The price 
secured should be great enough to allow a fair margin of profit. 

The graphic charts which follow present a summation of the receipts 
and expenditures of each of the dairies under investigation for each year. 

The farm number appears at the bottom of the chart, and above each 
of these numbers are two upright columns. The one at the left is divided 
into three separate parts; the one at the right into two parts. From the 
explanatory material at the bottom of the chart one will understand 
that the aggregate of the three portions of the left-hand column shows 
the average costs per cow of that dairy, and the aggregate of the two por- 
tions of the right-hand column shows the average receipts per cow of that 
farm’s dairy. The reader will therefore understand that in each case 
where the left-hand column is higher than the right-hand column the 
total expenses are greater than the total receipts and a loss is indicated. 
When the right-hand column is higher than the left-hand one, the receipts 
are greater than the expenditures, and a profit is indicated. 

The last double column at the right of the diagram is labeled “Ay.,” 
and shows the average of all the dairies on the chart. 

For the convenience of the reader the average figures for each of the 
three classes of expenditures and each of the two classes of receipts, ap- 
pear at the extreme right of the chart. 
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Graphic chart showing the expenditures and receipts per cow on each of the twenty-five dairy farms for the year 1914. 
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Plate III. The above diagram shows the distribution of the average dollar expended for milk 
production in 1914, all the dairies under investigation being considered. 
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Plate IV. The above diagram shows the distribution of the average dollar expended for milk 
production in 1915, all the dairies under investigation being considered. 
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Plate VI. 


LAST WORD. 


The reader will realize that cost accounting, especially in its pioneer 
stages, of necessity is historical in its nature. Consequently data ex- 
tending over a considerable portion of time are always liable to be some- 
what out of date when completed. The figures as set forth in this bul- 
letin will need some adaptation to make them applicable to present price 
conditions. ; 

During the last two years the cost of labor has increased about 25%, 
of concentrated feeds 30%-35%, of Roughage 10%, and of the minor sup- 
plies and milk room equipments 25%-50%. 

By using the feed and labor values that prevail in his vicinity the pro- 
ducer will be able to adapt the several cost items to his locality and his 
own conditions. 
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FERTILIZER ANALYSES 


Bulletin No. 278. 


ANDREW J. PATTEN, E. F. BERGER, A. E. SMOLL AND E. A. DEWINDT. 


The inspection and analyses of commercial fertilizers offered for sale 
in Michigan are made under authority of an act of the Legislature ap- 
proved March 10th, 1885, and as amended during the session of the 
Legislature for the year 1913. The principal points in the law of in- 
terest to manufacturer, dealer and consumer may be summarized as 
follows: 

MANUFACTURER. 


Materials subject to license. The term “commercial fertilizer” shall 
be held to include any and every substance, imported, manufactured, 
prepared or sold for fertilizing or manurial purposes, the retail price 
of which is ten dollars or more per ton. (Sec. 1.) 

Statement of analysis. Before any commercial fertilizer can be 
legally sold or offered for sale in the State the net weight of the pack- 
age, the name of the brand and name and address of the manufacturer 
must be printed on the bag or on a card attached to the bag together 
with the guaranteed analysis in the following form: 


INTE PORCI: &. 5 «Sear oaks tea cus gs Soran ais eats aoe eee % 
wYailable Phosphoric, Acts 40 2s. bass .k sacs dee ete % 
Fotal Phosphorit- Acid’ 0c) 3s 2 oe. eta Pee % 
Potash (EO) a alse digs hts so we, ae es Seen eee % 


No other form stating the guarantee is permissible. The attention of 
manufacturers who use the sliding guarantees and the equivalent guar- 
antees is particularly called to the above form of stating the guaranteed 
analysis. (Sec. 1.) 

Registration. Before any commercial fertilizer is sold or offered for 
sale, the party selling or offering the same for sale shall file with the 
Chemist of the Experiment Station a certified copy of the analysis and 
also a sealed glass jar containing not less than two pounds of such 
fertilizer, with an affidavit that it is a fair sample of the article to be 
sold or offered for sale. Registration blanks for this purpose will be 
furnished on application. . Registrations must be made on all brands 
each year but samples are required only at the time of the first regis- 
tration. It is the ruling of this Department that any change in the 
brand name or in the guarantee constitutes a new brand. (See. 2.) 

License fee. A license fee of twenty dollars for each brand of fertilizer 
sold or offered for sale should be paid on or before May 1st of each 
year or before the fertilizer is offered for sale in the State. All checks 
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covering license fees should be made payable to the Secretary, State 
Board of Agriculture. (Sec. 3.) 

Penalties. Any person or persons who shall be found guilty of sell- 
ing or offering for sale any commercial fertilizer in violation of the pro- 
visions of the law shall be fined not less than one hundred dollars for 
the first offense and not less than three hundred dollars for each sub- 
sequent offense. (Sec. 6.) 


DEALERS. 


Companies to represent. Represent only such companies as properly 
register all the brands they send into the State. Before accepting a ship- 
ment of fertilizers for resale find out by -writing to the Chemist of the 
Experiment Station if the registration has been made and the license 
fee paid. 

Storing. Fertilizers should be stored in a dry, waterproof building 
and should never be piled directly on the ground. Failure to observe this 
precaution may cause the fertilizers to absorb an unusual amount of 
moisture and, consequently, to run below guarantee. Furthermore, im- 
properly stored fertilizer is liable to become hard, in which condition 
it cannot be handled in a drill without regrinding and even distribution 
by hand is much more difficult. When two or more brands of fertilizer 
are stored in the same building they should be separated by a narrow 
aisle to insure against the brands. getting mixed. 

Sampling. Any duly authorized agent of the State Board of Agri- 
culture is empowered to select samples, for the purpose of analysis, 
from any commercial fertilizer exposed for sale in the State. All in- 
spectors sent out for this purpose will be provided with an authorization 
signed by the Secretary of the State Board of Agriculture and only such 
persons have authority to collect samples. 


CONSUMERS. 


The fertilizer law is for your protection, therefore do not purchase un- 
licensed fertilizers from dealers outside of the State, even when offered 
at a great bargain, for, in such cases, the law can offer you no protec- 
tion. 

Do not send samples for analysis without first writing to the Chemist 
of the Experiment Station for instruction in regard to taking the sam- 
ple. This is very important as this Department will analyze only those 
samples secured by the regular inspectors or those taken in accordance 
with our instructions. 

Consult the fertilizer bulletins and find out what companies are most 
consistently fulfilling their obligations as to the amounts of plant-food 
guaranteed. 

Low crop yields may be due to any one of a number of causes such as 
poor drainage, soil acidity, poor physical condition, insufficient moist- 
ure, unfavorable climatic condition, lack of available plant-food, ete. 
Fertilizers can correct only one of these causes, namely, lack of plant- 
food, and they should not be condemned when they fail to produce re- 
sults if the real cause of low yields is due to some other condition. 

The best results from the use of commercial fertilizers will be obtained, 
only, when all of the conditiens affecting plant growth are as nearly 


EXPERIMENT STATION BULLETINS. 455 


perfect as it is possible to make them. “Fertilizers are foods (not stimu- 
Jants) for healthy soils. They are not medicine for sick land.” 

Study your soil conditions and by experimenting determine what 
forms of plant-food, if any, are required and in what amounts they should 
be used to produce the most economical results. Only in this way can 
these questions be definitely answered. 


LICENSED BRANDS. 


Thirty-six manufacturers and fertilizer companies have licensed 301 
distinct brands for sale in the State during the season of 1916. The 
brands appearing in the following tables of analyses, and none others, 
can be legally sold. 

Parties mixing or importing fertilizers for their own use and not for 
sale are not affected by the restrictions of the law and neither are they 
protected under it. 


COLLECTION OF SAMPLES. 


The collection of samples was made during the spring and fall shipping 
seasons by inspectors appointed by the State Board of Agriculture. All 
sections of the State in which fertilizers are used to any extent were 
covered and 600 samples secured from stocks being offered for sale by 
dealers. For this purpose a specially constructed tube is used which 
permits of securing a core from the entire length of the bag. In no 
case is a Sample drawn from less than five bags nor from bags that have 
previously been opened. The samples are drawn and sealed in the 
presence of a witness and shipped to the laboratory for analysis. 

As much of the fertilizer used in the State is taken directly from the 
cars by the consumer, it is never possible for the inspectors to secure 
samples of all the brands registered. In such cases the samples sub- 
mitted by the manufacturers at the time of applying for the licenses 
are analyzed. These samples may be distinguished from the officially 
collected samples by the omission of the letter “A” preceding the labora- 
tory number. No analyses are reported for eleven brands as no ship- 
ments were found by the inspectors and no samples were submitted 
by the manufacturers. 


RESULTS OF INSPECTION. 
(a) Quantity of plant-food. 


A study of the tables of analyses shows that, of the 549 ae 
analyzed, representing 290 brands, 92 (16.8%) are below guarantee* 
one or more constituent. Thirty (5.5%) are below guarantee in apis 
gen, 38 (6.9%) are below in available phosphoric acid, 6 (1.0%) in total 
phosphoric acid and 23 (4.2%) in potash. - 


* A shortage of more than 0.10 per cent of nitrogen or more than 0.20 per cent available phosphoric 
acid or potash is considered below guarantee. 
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SUMMARY OF RESULTS OF INSPECTION. 
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American Agricultural Chemical Co..................-- 78 155 4 154 0 0 152 
Ann Arbor Abattoir Co......... 1 1 1 0 0 0 0 
Armour Fertilizer Works 19 54 9 54 2 0 41 
UPBINGGEs: Cac cee neh Ne 1 1 0 1 0 0 1 
James Boland Rend. & Fert. Co. 1 1 1 1 0 0 1 
MUBUELON aay ctec ciascrefiic Ts eeistoe © dic nies oie, ohesabetelasexoisho ote tevetess 1 1 1 1 0 0 0 
Chicago Feed & Fertilizer Co..............0ce cece eeees 4 4 3 2 2 0 2 
Chicszoy Raw Products Cosa. csiccis oe cere nis os clerslon rier 2 3 1 3 0 0 3 
Darlingid: Company. otieirteloe cies sie cvs ties ae torres 10 28 4 27 0 0 24 
Warmersyh ertiliers© Ou ecaciae sissiere'erlosieweiolne eect 8 18 3 18 0 0 16 
Grand Rapids Glue Core ov ceci moe aeisiee eon cameo 1 1 1 1 0 0 1 
Grange Bertilizer' Coe). jo.c.. sadioeiie aclecat rere eleloveciora one 7 9 0 9 0 0 8 
Hirsh stein dé Cos...\cctmesesio nen tester atone teenie eiee 9 15 a 13 0 0 11 
Independent Packers Fert. Co...........cccceeeeeeeees 8 10 4 6 1 0 6 
International Agricultural Corporation................. 12 17 2 15 0 0 11 
Jarecki: Chemical oss. iistiee cctecistetes syrctecsiore Minn tiaveee 12 27 6 24 0 0 14 
Kalamazoo Rendering & Fertilizer Co.............-..-- 2 2 1 2 0 0 2 
Mineral Rertilizer!Co Moo oc..eso sooo esc cleonienee 1 7 4 3 3 3 3 
Nafural’Guano! Cowacs. seats emir ne ot nce nomen rae 1 1 0 1 0 0 1 
Nitrate Agencies! Coliiatnic ce oseeten ae Loic onan 2 0 0 0 0 0 10 
Ghe Packers) MertilizeriCo.o oe ces ciases cee cence ters 10 16 3 15 0 0 10 
‘Pulvyerized (Manure|@0>> cer crecesemeun con daeereans 2 3 0 3 0 0 3 
Queen! City Fertilizer Coes: tccacoine ice eee 1 1 0 1 0 0 1 
Rasin Monumental Co........... 17 20 1 23 0 0 17 
F.§. Royster Guano Co........ 17 24 5 23 0 0 19 
Smith Agricultural Chemical Co... 10 20 1 19 0 0 16 
Speidel & Swartz................ 1 10 1 1 0 0 1 
J. L. & H. Stadler Rendering & Fert. Co 13 18 3 18 0 0 14 
G. B. Stock Xylite Grease & Oil Co................024- 1 0 0 0 0 0 0 
Dyuluree! COMPANY. aie /oree each eiehiesee Oren eeE 32 70 24 64 2 0 29 
mbuscarora Fertilizer (Coss ds cincs sooo ee noteeeilees 5 5 0 5 0 0 2 
Virginia-Carolina Chemical Co...............0-eeeeees 6 5 1 4 0 0 4 
he WuichetHertalizer( Cosy. osc ame ccs enis centers 6 11 1 11 0 0 11 
Otalsiy jetta See secretes Sette alee eae won 301 549 92 522 10 3 424 


In reviewing the foregoing summary we find 94.7 per cent of the 
samples analyzed containing amounts of plant-food equal in value to 
that guaranteed and 77.2 per cent of the samples containing amounts of 
plant-food 5 per cent or more in excess of that guaranteed. Only 1.8 per 
cent of the samples analyzed show a deficiency of 5 per cent in the value 
of the plant-food guaranteed. Three samples, all from one company, 
show a deficiency of 10 per cent in the value of the plant-food guaranteed. 

These facts indicate that the manufacturers, as a whole, are endeavor- 
ing to fulfill their guarantees as to the amount and value of the plant- 
food supplied in the fertilizers sold in Michigan. 


QUALITY OF PLANT FOOD. 


It is again necessary to call attention to the quality of the nitrogen 
supplied in many of the fertilizers and to urge a careful study of the 
tables which follow, in order to determine what brands furnish the 
larger part of the nitrogen in those forms which are recognized as being 
more or less readily available. In interpreting these results, the follow- 
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ing points should be remembered: That water-soluble nitrogen is 
readily available for plant uses, and that the water-insoluble nitrogen 
(“active insoluble” and “inactive insoluble”) may or may not be readily 
available for plant uses. 

When the amount of “active insoluble’ nitrogen is greater than the 
amount of “inactive insoluble” nitrogen, the total water-insoluble nitro- 
gen is considered to be readily available to plants; when the amount of 
“actwe imsoluble” nitrogen is less than the “inactive insoluble” nitrogen 
the total water-insoluble nitrogen is not considered to be readily avail- 
able and the plants may fail to derwe any benefit from its use. 

Many of the fertilizer brands reported in this bulletin, especially those 
having small percentages of nitrogen, show a large proportion of the 
nitrogen to be in water-insoluble forms of questionable quality. 


CONCERNING PRICES. 


Owing to the continued demand from other sources, for many of the 
materials used in the fertilizer industry, there is no hope for a reduction 
in the prices for the coming season. 

Nitrate of soda has advanced about $20.00 per ton and this has caused 
a stiffening in the price of practically all ammoniates. Acid phosphate 
will be from three to five dollars per ton higher than the average price 
two years ago and potash will undoubtedly cost the purchaser not less 
than $5.00 per unit in mixed fertilizers. 

No domestic sources of potash of any consequence have been found in 
this country to replace that which formerly was imported from Germany. 

Under these conditions it behooves every person who contemplates 
the use of commercial fertilizers next spring, to consider well the needs 
of his soil and to purchase that brand or formula that will supply the 
needed elements at the least cost, keeping in mind the availability of the 
nitrogen, whenever this element is purchased. 


NU-LIFE FERTILIZER. 


Attention is called to this fertilizer which was offered for sale in the 
State during the past season by the Mineral Fertilizer Company, Chi- 
cago, Illinois. It was guaranteed to contain 15 per cent phosphoric 
acid. No claim was made for available phosphoric acid although in a 
letter addressed to the senior author under date of December 11, 1915, 
the material was stated to be basic slag. In the advertising circulars 
sent out, the following statements were found: 


“The basis of Nu-Life Fertilizer is Slag Meal.” 
“Nu-Life Fertilizer is slag meal and additional available phosphoric 
acid.” 


An investigation as to the nature of this material proved it to be a 
mixture consisting of about equal parts of raw rock phosphate and slag 
from an open hearth iron furnace. As this open hearth slag contains 
less than 4 per cent of phosphoric acid, it is at once evident that, at 
least, 85 per cent of the phosphoric acid in Nu-Life Fertilizer is derived 
from raw rock phosphate and its commercial or agricultural value should 
be no greater than that of rock phosphate of the same grade. Rock phos- 
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phate containing 30 per cent phosphoric acid can be purchased for about 
$10.00 per ton f. 0. b. any point in lower Michigan. 


Samples were drawn from stock in the hands of the following list of 
dealers: 


Addison—John Landon. 

Adrian—Cutler Dickerson Co., J. C. Van Doren, J. L. Dibble, J. E. 
Bubgee, Frank Walworth. 

Alto—Dentaman Bros. 

Ann Arbor—Ann Arbor Abattoir Co., Hertler Bros. 

Auburn—J. P. Schuster. 

Azalia—Fred Jasper. 

Bannister—Bannister Elevator Co. 

Batavia—Batavia Co-operative Assn. 

Battle Creek—Robert Binder Estate, Powers & Co. 

Bay City—Bechlin Hardware Co. 

Beech—Geo. W. Burt, Geo. Wright, Geo. Fisher, Sylvester Shear. 

Belleville—Van Schoick Bros., Albert Richardson, H. W. Dunham, 
Geo. Freeman. 

Benton Harbor—Cutler Downing & Co., B. M. Nowlin & Co. 

Berlin—Blink Bros. 

Blissfield—E. J. Gray, Continental Sugar Co. 

Bradley—H. F. Buskirk. 

Bridgman—Bridgman Supply Co. 

Britton—Lowe & Palmer, Geo. R. Carter. 

Buchanan—Chas. F.. Boyle. 

Byron Center—J. Burmania. 

Carlton—C. A. Vandercook, H. C. Reiser. 

Caro—Caro Elevator Co. 

Carson City—O. W. Gage. 

Charlotte—McUmber & Tirrill. 

Cass City—Striffler & Patterson, J. A. Cole. 

Chesaning—Schwartzmiller & Stuart, Chesaning Hardware Co. 

Coatsgrove—John Blocher. 

Coldwater—Coldwater Co-operative Assn. 

Coloma—Reuben Hazen, Coloma Hardware Co. 

Columbus—Jos. Fogarty. 

Conklin—M. D. Bunker, Stockhill & Emmons. 

Coopersville—M. Durham, R. Reynolds, Laug Bros., F. 8S. Hambleton, 
Chas. Taylor. 

Coral—Chapel & Skeoch. 

Davison—O. K. Hathaway. 

Dearborn—S. D. Lapham. 

Devereaux—E. E. Stokoe. 

Deckerville—J. P. Greenan. 

Deerfield—Chas. Helzer, Frank Timmons, I’. W. Cannon. 

Derby—C. P. Smith & Sons. 

Dexter—Henry Kleinschmidt. 

Dundee—Dundee Mercantile Co., Michigan Milling Co., Irving Moore, 
Harry Watson. 

Durand—Alfred Vincent. 

East Saugatuck—John Lubbers & Sons. 
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Elba—Elba Elevator Co. 

Elm—Bentley Bros., Ira Wilson. 

Elsie—Hankins Bros., B. M. Wooley. 

Hrie—Chas. Choate. 

Essexville—Adrian Van West. 

Fennville—W. E. Collins, F. J. Wattles. 

Fenton—J. A. Thompson. 

Flat Rock—John Chamberlain, Bryant Bros., McIntyre & Crooks. 

Flint—J. P. Burroughs & Son. 

Fowler—G. F. Stowe. 

French Landing—J. F. Riggs. 

Fremont—Fremont Co-operative Assn. 

Flushing—J. P. Frawley Bros. 

Galien—Swank Bros. 

Grand Haven—Speidel & Swartz, Peter Van Zylen. 

Grand Junction—L. F. Davis. 

Grand Ledge—A. H. Munn. 

‘Grand Rapids—Reed & Cheney, Brown Seed Co., Elaborated Roofing 
Co., E. J. Maskum. 

Hartford—High & Thompson. 

Haslett—Wilmer Coleman. 

Hastings—Edmonds Bros. 

. Harlem—Peter Braamse. 

Hillsdale—William Cole, G. A. Aldrich & Co., William Kelley. 

Holland—G. Cooke & Co., H. P. Zwemer. 

Hollaway—F.. J. Blouch. 

Holly—W. H. Meacham. 

Hudson—Atherton & Coppins. 

Hudsonville—Jacob Keel, C. Spoelman. 

Ida—Geo. Schuler, Geo. Schafer, Ida Hardware Co., N. A. Weipert 
& Sons, J. E. Snell. 

Imlay City—D. F. Jurn. 

Inkster—F. Fisher. 

Ithaca—Gleaner Farmers Elevator Co. 

Jackson—Jas. Boland Rendering & Fertilizer Co. 

Jonesville—A. H. Dudley. 

Kalamazoo—Kalamazoo Rendering & Fertilizer Co. 

Kawkawlin—Stevig Hardware Store. 

Kent City—Victor Broman, Kent City Produce Co. 

Lansing—Dubois & Hughes, H. E. Saier. 

La Salle—Arthur Neidermeier, C. L. Miller. 

Lawton—Chas. G. Hall. 

Lenawee Junction—Geo. Bueherer. 

Lowell—H. Nash. 

TLulu—C. Vandercook. 

Manchester—M. A. Lemm, J. W. Schlicht, Schud & Houck. 

Marine City—Zimmerman Bros. 

Mason—Mason Elevator Co. 

Maybee—F’. W. Schmidt, Will Thoma, C. & G. Hochradel. 

Milan—Fred Bachman, Jas. Hack, John Murray, McCrone Bros., For- 
sythe & Lee, Auten Camburn Grain Co., J. Talliday. 

Millington—Sioux City Seed Co., Roy A. Haines. 

Monroe—Fisher & Neil, Fred Kingsting. 
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Montgomery—Tri-state Co-operative Assn., Harley Adams. 

Morenci—Chas. Fay, Frank Sanborne. 

Mulliken—Noble Implement Co. 

Munson—G. E. Lehmen. 

Muskegon—Stegink & Son, J. Marvin, J. E. Martin. 

New Boston—E. Gumtow, Fred Knope, Jas. Vogt, R. E. Krause, Meis- 
ner & Dugan, Will Eldred. 

Niles—J. S. Tuttle. 

North Adams—C. H. Williams. 

Northville—Richard Gibson, U. A. Tibbets, A. Ebersole, W. H. Cater- 
mole. 

North Star—North Star Elevator Co. 

Novi—Jas. Erwin. 

Nunica—J. D. Pickett, R. 8S. Brown, Peterson & Easterley. 

Ortonville—A. P. Button. 

Osseo—IF’. W. Densmore. 

Otsego—G. H. Seple & Co. 

Ovid—Thomas Hislop. 

Owosso—W. Ei. Payne. 

Perry—Perry Milling Co. 

Pittsford—Ray Lockwood. 

Petersburg—Nusenmann & Wittman, T. J. Carman, Fred Kohler, FE. 
Thompson, John Heller, C. J. Cilley. 

Plainwell—E. H. Ingraham. 

Plymouth—H. C. Hager, A. B: Schroder, A. J. Lapham, Art Eckles. 

Portland—Portland Farmers’ Elevator. 

Quincy—Burch & Day. 

Ravenna—A. E. Young. 

Reading—-W. M. Cahow, FE. Davis, Byron Field, Arthur Lane, Reading 
Co-operative Commerce Co. 

Richmond—Farmers’ Elevator Co., Ira Lovejoy. 

Ridgeway—J. J. Harrington. 

Rochester—Robert Castel, L. L. Whims. 

Romeo—Bradley & Chubb. 

Romulus—Elmer Pullen. 

Royal Oak—Royal Oak Ice & Produce Co. 

Ruth—F rank Cook, J. F. Schroeder. 

Saginaw—Wolcott Grain Co., M. A. Dailey. 

Saline—Walter Armbruster. 

Salzburg—G. L. Frank. 

Samaria—sS. L. Smith. 

Sawyer—W. J. Zeiger, W. P. Glavin. 

South Haven—South Haven Fruit Exchange. 

Sparta—D. J. Johnson, ©. J. Rice, A. S. Bollusis. 

St. Clair—John Mau, Chris. Ahler. 

St. Johns—John Hicks. 

St. Louis—St. Louis Hardware Co. 

St. Joseph—Edward Burton. 

Stark—T. V. Kerbyson. 

Stevensville—K. P. Cupp. 

Sunfield—P. J. Griffin. 

Tecumseh—Temple & Co., Tecumseh Co-operative Assn. 
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Traverse City—Traverse City Milling Co. 

Three Rivers—Corlett Stone & Lumber Co. 

Trenton—H. L. Wagar. 

Tyre—s. W. Soule. 

Urania—Sherman Cook. 

Vandalia—Corlett Stone & Lumber Co. 

Vassar—Farmers’ Elevator Co., Geo. A. Proctor, Reliance Milling Co., 
L. D. Haines. 

Vriesland—G. W. Hungerink. 

Waltz—B. D. Felt, Gus. Elwert, Robert Waltz, Will Neumann. 

Wayland—C. A. Ryno. 

Wayne—kE. H. Langworthy, Wortz & Co., H. F. Hubbard, B. R. Ham- 
mond, Ben Simons. 

Washington—J. W. Switzer, C. W. Burrough, Luchtman & Payne. 

Willis—Bert Roberts, Geo. H. Thompson, J. H. Lord. 

Willow—H. C. Otter, G. R. Gifford. 

Whittaker—G. W. Kinnicutt & Son. 

Zeeland—Isaaec VanDyke, C. C. Zeerip. 
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YELLOW ROCKET. 


Special Bulletin No. 8). 


A Dangerous Weed. 


BY ERNST A. BESSEY, PROFESSOR OF BOTANY. 


In the past few years the plant known commonly as Yellow Rocket, 
Winter Cress, Herb Barbara, etc., (Barbarea barbarea (l.) MacM.), 
has assumed a conspicuous place among the serious weed pests of the 
State of Michigan. The plant is a native of Europe whence it reached 
America in various ways, chiefly, in all probability, by the contamina- 
tion of grass and clover seeds with its seeds. It is largely in this man- 
ner that it has been introduced into Michigan and spread from locality — 
to locality. 

The seeds are produced in Michigan late in May and throughout June. 
They germinate quickly the same summer and form a low stemless plant 
with long tap-root and a cluster of shining green leaves. These leaves” 
are very characteristic in that they are lobed, with a large, round termi- 
nal lobe and a couple of pairs or so of small lateral lobes. They are 
free from all hairiness. No upright stem is formed the first season, but 
as the plant increases in size the crown becomes divided and the roots - 
become greatly branched, losing the tap-root nature. The leaves often 
remain green throughout the winter if there is a good covering of snow, 
being uncovered by the European peasants and collected for use as 
greens on St. Barbara’s day, December 4th. When not protected by the 
snow some, if not all, of the leaves are killed during the winter, but 
the root remains alive. 

In April, new leaves are produced and soon several to many (5 to 20 
or so) upright leafy stems shoot up, reaching a height of 114 to 2 feet. 
Each stem may branch considerably, each branch and branchlet being 
terminated by a cluster of yellow flowers, These are at first crowded 
closely but as they set seed the branch lengthens so that the slightly 
_ four-angled, slender, inch-long pods are scattered along the stems at 

imtervals of 144 to 1 inch. Each pod produces 10 to 20, mostly about 
15 seeds. The latter are about the size of clover or timothy seeds. The 
number of flowers and seeds produced by a single plant is enormous. 
One well-developed plant, by no means the largest size, possessed over 
14,000 flowers, which at 15 seeds to a pod means over 200,000 seeds to 
the plant. 

The seeds begin to ripen about the end of May and continue to be 
produced for about a month, after which the plant dies down. In 
many cases the roots die, too, but in some cases remain alive and pro- 
duce tufts of leaves and then in the following April send up new up- 


EXPERIMENT STATION BULLETINS. 483 


right stalks again which produce another crop of seeds. Just how long 
the same plant will remain alive has not been determined. 

Yellow Rocket resembles wild mustard quite markedly, which is not 
to be wondered at, as it belongs to the same family. Its flowers are not 
distinguishable from those of the mustard except that they are smaller. 
Mustard does not have so many upright stems, usually having one main 
stem, branching freely; it is also much later as it is an annual and does 
not have the benefit of a start the previous season. The root of 
mustard retains its tap-root nature to a large extent while that of 
Yellow Rocket in its second season is greatly divided and branched. 
It is also usually more or less hairy while Yellow Rocket is free from 
hairs. The leaves of mustard do not have so large or rounded a termi- 
nal lobe and so small lateral lobes as do those of Yellow Rocket. 

As it lacks long underground running roots or stems like Canada 
thistle, milkweed, etc., yellow rocket need never be feared on land that is 
under cultivation constantly or at rather frequent intervals. Its chief 
harm is in meadows, pastures, etc.; i. e. where the land is left two or 
three years without cultivation. Thus in fields of alfalfa it is a serious 
pest, as it multiplies from year to year with the greatest rapidity. So 
also a grain field in which a. few plants occur will be thoroughly seeded 
to yellow rocket before the grain is harvested. The clover the remainder 
of that year will show only the low tufts of leaves of the weed but the 
next spring the field may appear yellow, so numerous are the plants. 
This of course, greatly reduces the value of the field, both because of 
the direct injury to the clover crop due to the loss of plant food and 
water and because of the inferior hay that results from the presence 
of the yellow rocket. : 

The smooth shining epidermis makes spraying with any of the milder 
herbicides useless,—and the location of the weed in meadows, clover 
fields, etc., makes it impossible to spray with poisonous sprays which 
would be injurious to animals feeding upon hay from that field. 

Spudding out the plants before they go to seed is the most practical 
method of fighting this weed, provided it is not too abundant. In the 
latter case the field should be plowed. In any case this ought to be 
done before the end of May as seed production begins about the first 
of June (or earlier or later, depending upon the season). Careless plow- 
ing without subsequent harrowing or cultivation will not always destroy 
all of the first year plants and these will manage to regain their foot- 
hold and grow until fall, producing the seeding plants next year. 

Mowing, although destroying the tops of the plants, and accordingly 
thousands of flowers, is not to be recommended as very short branches 
are then formed near the root and these produce flowers and seeds be- 
low the reach of the mowing machine and fill the ground with seed to 
make more trouble next year. 


SUMMARY. 


Yellow rocket, a native of Europe, is one of the mustard family and 
a very serious weed. 

It is a biennial or perennial and does not blossom and seed until the 
second season, being inconspicuous the first year. 
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It is introduced as an impurity in seed of clover, grasses, ete. 

A well developed plant may produce 200,000 seeds in one season. 

Mowing will not control the pest. 

A short rotation with at least two seasons in hoed or cultivated crops 
will keep the number down. 

The best practice is to spud out every plant the first season they ap- 
pear and every year thereafter, not allowing them to produce seed. 

If very abundant, plow under before they seed and spud out every 
plant that appears in succeeding years. 
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CONCISE DIRECTIONS FOR CONTROL. 
Special Bulletin No. 81. 


BY G. H. COONS AND EZRA LEVIN. 


It is definitely known that seedlings commonly carry the 
injection to the field. The seed is not thought to carry the 
fungous spores. Therefore, if the soil in the flats or cold 
frame is clean the plants start clean.* 


To insure clean seedlings spray the young plants at least 
twice with weak Bordeaux mixture (2-2-50). 


Do not follow tomatoes with tomatoes. Have a system- 
«lic rotation for your fields. Cleaning up of trash in garden 
patches and fields is a good sanitary measure. Do not throw 
o'd vines on the manure pile or compost heap. 


Where the type of culture permits, staking of tomatoes 
will largely prevent damage from tomato leaf-spot. Staked 
tomatoes give greater yields, earlier crops and allow most 
efficient spraying. 


After the plants are well started in the field, spray every 
i0 days with Bordeaux mixture 4-4-50, made exactly accord- 
ing to directions. The early sprayings are most important 
in preventing the disease from getting a foothold. When 
the plants are large, unless the application is thorough it 
will pay to spray down and back on the same row. This, if 
a gentle wind is blowing and if the sprayer gives a good 
mist, will insure a thorough application. 


Tomato leaves make a quick growth. Frequent sprayings 
are necessary to keep the new growth covered. 


*(1) Soil from fields which have not recently grown tomatoes is safe for 
containing tomato trash is unsafe. 

i Used soil may be sterilized by steaming by the inverted pan method. 
1 gallon to the cubic foot, drenching the soil completely. A quart of solution 
a flat. Cover with paper or canvas over night. 
fumes to escape. 


treatment is simple, cheap and easy. It will also prevent damping off. 


The disease 
is brought 
to the field 
on the 
seedlings. 


Spray young 
plants. 


The disease is 
known to live 
over from 
year to year 
in old 
diseased 
plants. 


The spores 
splash from 
the soil and 
from the 
lower leaves, 


Tomato 
leaves can be 
protected by 
Bordeaux 
mixture. 


Frequent 
sprayings are 
to keep the 
new growth 
covered. 


use. Manure 


Used soil may be disinfected by drenching with formaldebyde 1 to 100 parts water. Use 


will disinfect 


Then turn the soil thoroughly to allow the 
As soon as the soil is in good condition, plantings may be made. 


This 
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Fig. 2. Diseased plant showing the killing of the lower leaves. 
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INTRODUCTION* 


Michigan is one of the great tomato-growing states. The 
crop produced amounts to nearly a million dollars annually. 
Tomatoes are grown for ordinary market purposes, for can- 
ning and for seed... The type of culture and the varieties 
used vary with the utilization of the crop. The methods 
used in growing the crop influence the prevalence of this 
disease to a great extent. For example, it is found. that 
where tomatoes are staked, the damage from leaf-spot is 
greatly reduced. In general, seedlings are grown in green- 
houses or cold frames and set by hand in the fields. This 
inethod of procedure lends itself readily to control measures 
which entirely prevent damage from the leaf-spot disease. 


THE IMPORTANCE OF THE LHAF-SPOT DISEASE. 


The leaf-spot disease of tomato, commonly called by grow- 
ers “blight,” caused a practical failure of the crop in many 
localities in 1915, and for the preceding five years, has ma- 
terially shortened each growing season. This condition is 
found in every state where tomatoes are grown commercially. 
The consensus of opinion of pathologists from all parts of the 
United States, is that the Septoria leaf-spot is the most 
serious disease of the tomato. 

The disease has been found in the northern, as well as the 
southern parts of Michigan. Its distribution is probably as 
great as tomato culture. 


HOW TO TELL THE DISEASE. 


The signs of the leaf-spot disease are well expressed by the 
common name “blight.” The growers notice a general un- 
thriftiness in the plants along with a blight which begins on 
the lower leaves and which gradually advances upward on 
the plant. (Fig. 2.) Blighted leaves if carefully examined 
are seen to be covered with small circular spots, commonly 
less than 14 of an inch in diameter. In some cases a whole 
leaflet may be involved. These spots are sometimes black, 
but are usually grayish with a black border. (Frontispiece. ) 
As the disease progresses the spots dry and the leaflets turn 
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Michigan 
tomato crop 
is worth 
$1,000,000 
annually. 


The leaf spot 
is the most 
serious 
disease of 
the tomato. 


The disease 
is as wide- 
spread as to- 
mato culture. 


Leaf spot 
shows up as a 
blighting of 
the leaves 
from the 
bottom 
upward. 


*This popular bulletin is based on Technical Bulletin 25 of this Station. Anyone interested 
in the more detailed account may secure the technical bulletin so long as the supply lasts. 
Those who make request, may be placed upon the mailing list to receive bulletins from the 


College. 
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Spots appear 
on the leaf- 
lets. Then 
the leaves 
die, falling 
from the 
lant at the 
east jar. 


The leaves 
manufacture 
sugar and 
starch. The 
leaf spot 
disease 
destroys the 
factories. 


STATE BOARD OF AGRICULTURE. 


yellow. The leaves die and drop from the plant at the 
slightest jar. The disease advances up the plant, and 
soon all leaves, except a small tuft at the end fall from the 
stem. The dropping of the leaves exposes the fruit, which 
may sunburh badly. 

Spots are also formed on the calyx and stem but rarely 
on the fruit. 

The damage to the crop comes largely from the loss of the 
leaf surface. The leaves of plants are the manufacturing 
organs which produce the starch and sugars which make up 
the greater part of the solid matter of the fruit. A leaf dis- 
ease interferes with the manufacturing power, hence, the 


Small, sour, 
watery 
tomatoes are 
caused by 
leaf spot. 


A fungus 
steals from 
the tomato 
plant. 


Diseased spots magnified five times. 


Tig. 3. 


fruit grows slowly or not at all. UHalf-matured fruit fails 
to ripen. The crop from plants with blighted foliage is 
small, sour and watery. This last condition is often com- 
plained of by canners; although they ascribe “watery” 
tomatoes to a wet season, rather than to a fungous disease 
made severe by the season. In short, all the general signs 
are those which go with disturbance of food manufacture by 
the leaves. 


THE CAUSE OF LEAF-SPOT. 


Leaf-spot of tomato is caused by a parasitic fungus called 
Septoria lycopersici which grows and feeds in the tomato 
leaf. A parasitic fungus is a microscopic plant which makes 
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no food for itself but which steals its living from another 
plant. If a diseased spot is examined with a microscope, 
the leaf tissue is found to be pierced by minute threads. 
These threads are the body of the fungous parasite. After 
the threads have grown in the leaf and occupied considerable 
area, small black dots appear on both the upper and lower 
surfaces. (Fig. 3.) 

The small black .dots are hollow’ spherical cases Needle- 
which contain countless long needle-shaped bodies called St2nfd spores 
spores. (Fig. 4.) These spores are to the fungus what ;seeds” 
seeds are to the higher plants. A spore washed to a tomato parasitic 


° : +7, fungus. 
leaf and given favorable temperature and moisture will 


Fig. 4. Thin section of spore case, showing long needle-shaped spores. Magnified 800 times. 


sprout and enter the leaf, quite as a seed sprouts and grows, 
only the soil the fungus uses is the leaf tissue. 

The spores of this fungus have a jelly-like coat and when The spores 
a diseased leaf is wet, the spores swell and push out of the #04 about 
spore cases in sticky masses. When the spores are once out- leaves, or, 
side the spore case they float apart in the water on the leaf 
and frequently sprout and enter, thus making the spot larger 
or causing new ones. 

The spores from a diseased leaf may be washed or splashed Rains splash 
from leaf to leaf during rains, or if the plants are worked [¢ spores 
when wet, may be carried from plant to plant on the culti- 
vator or on the clothes of the worker. 

The spores can endure at least three days drying, hence, Cultivating 

. : wet plants 
those which wash to the ground may be dried on the dust spreads the 
and blown about, thus leading to a wider distribution of the Son8,f0" 


disease in the field or from field to field. plant. 
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How the 
spore attacks 
the tomato 
leaf. 


In 13 days 
one spore 
produces 
thousands of 
similar spores. 


Either the 
upper or 
lower surface 
may be the 
point of 
entry. 


The fungus 
lives over on 
old trash 
from last 
year’s 
diseased 
plants. 


The weather 
does not 
cause the leaf 
spot disease. 
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If a spore is put under proper conditions it will begin to 
sprout in about twenty-four hours. The sprouts are threads 
which push out from the needle-like spore. In a few hours 
after sprouting the thread-like tube enters the breathing pore 
of the leaf. Then the fungus grows in the tissues of the 
plant, twining among the cells. In about six days after the 
spore reaches the leaf, the first watery discoloration produced 
by the fungus can be seen. In less than ten days the spot 
is definite and the killing of the invaded leaf tissue is com- 
pleted. The fungus fruits in about 18 days and produces 
several black spore cases. Hence, one spore gives rise to 
countless thousands of other spores, each capable of repeat- 
ing this story. 

If the lower surface is the point of entry the spots are 
large and may involve one-half or the whole of a leaflet. If 
the upper surface is the point of entry the spots may be no 
larger than the head of a pin. Usually the upper leaves show 
this latter type of infection, evidently from dust as a source. 
The lower leaves are infected from beneath, doubtless by 
splashings from the ground or from the older leaves. 

The fungus lives over winter on the trash from a preced- 
ing tomato crop. It lives over in the greenhouses or cold 
frame in the trash from seedlings left in the soil. The spores 
have not been found on tomato seed. Hundreds of plants 
from all the common varieties have been grown in clean soil 
without one case of leaf-spot appearing spontaneously. 

The spores of the fungus are released from the spore case 
only when the leaf is wet. Heavy dews give conditions 
which allow an oozing of spores. By far the greatest factor 
in spreading the fungus is a washing, splashing rain. There- 
fore, the disease is most serious in a rainy season such as that 
of 1915. Many growers make the mistake in thinking that 
the tomato disease is caused by the weather, while the truth 
is that the disease is caused by a parasite whose spread is 
favored by the wet conditions. 

Growers must adopt measures which will insure a crop in 
spite of the weather. 
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HOW TO PREVENT LOSS FROM TOMATO LEAF-SPOT. 


Resistant Varieties. 


In an experiment with more than 50 of the leading tomato 


varieties, no variety was found strikingly resistant or sus- 
ceptible. Many varieties are vigorous growers and continu- 
ally keep ahead of the leaf-spot by the production of new 
foliage. Dwarf varieties usually suffer’ more damage than 
the ordinary sorts. 

Before other control measures can be considered, we must 
recognize the following observations that have been dealt 
with above: ; 

1. The sources of infection are at least two: the green- 
house or the hotbed and the diseased trash in the field. 

2. Infection results from inoculation upon the upper and 
lower surfaces of the leaf. 

3. The period from the time of inoculation to spore exuda- 
tion is about 13 days. 

4. Moisture is the primary agent in dissemination of the 
disease. 

5. The exudate of spores is in the form of a mucilaginous 
mass. The spores are always transferred by some external 
agency. 

6. It has been shown that the fungus will not grow at 
85° F. and will not revive after 5 days at 98° F. Since such 
temperatures are frequently reached during the summer 
months, the heat relation must be taken into consideration 
as a natural means of checking the disease. 

The most important control measures for this disease are 
preventive. Clean seedlings in clean soil, if reasonably 
isolated remain practically free from the disease. 

In order to be sure that the seedlings do not become dis- 
eased at the start, clean soil should be used in the green- 
houses devoted to seedling production. The soil should be 
fresh or sterilized. The seedlings should be sprayed as 
soon as their height above ground makes it practicable, and 
again before being transplanted to the field. For this a 
weak Bordeaux mixture (2-2-50) is advised. 

Since it has been determined that wintered-over, diseased 
vines possess spores which are viable, the old trash must be 
destroyed as far as possible. Since, however, this is not 
practical except in greenhouses and gardens, rotation is 
strongly urged. While there is no experimental evidence to 
demonstrate the value of rotation as a means of control, 
numerous instances have been noted in which rotation has 
been successful in controlling the disease. 
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Since spores are released from the spore cases when wet 
the plants should not be “worked” until the plants are dry. 
Growers have reported cases where cultivation began at 
a small infected patch and the disease was carried over 
the entire field, and that in less than three weeks the entire 
field was spotted. This is now readily explained. In green- 
house practice, irrigation should replace the ordinary use 
of the hose. 

After transplanting to the field, spray with 4-4-50 
Bordeaux mixture every 10 days. As has been shown, the 
period from time of inoculation to spore exudation is at 
least 18 days. Allowing this leeway for differences in period 
of infection, it would seem that a spray so applied would 
give the necessary protection. 

The greatest part of and the strongest infection results 
from inoculation on the lower surface of the leaf. There- 
fore, all the precautions are less effective if the plants are 
allowed to run at will over the ground. The spraying of the 
under side of the leaf is not accomplished unless the appli- 
cation is thorough. Failures to control the disease by spray- 
ing are doubtless due to lack of thoroughness and timeliness. 

Spraying with 4-4-50 Bordeaux mixture in the fields 
where tomatoes are staked should be extremely successful. 
In this state spraying will not be most effective unless the 
spray reaches the lower surface of the leaves. A sprayer 
such as is used for potatoes, with two side nozzles set to 
shoot upward and if practical, with one central nozzle to 
spray downward for each row will, under high pressure, be 
most efficient in Michigan fields. 

Spraying tomatoes with Bordeaux is a common practice 
in many tomato-growing centers. Wherever it has been tried 
it has become a fixed part of the culture of the crop. No 
erower can afford to risk his crop, and no company can afford 
to risk its acreage. The spraying experiment of the College 
in 1918 at Plymouth is a good example of what may be 
accomplished. In this experiment “the plants that were 
sprayed with Bordeaux mixture four times, produced 12.5 
tons per acre while the plants that were not sprayed pro- 
duced 5.2 tons per acre. The first spraying was made about 
one month after the plants were set in the field and fre- 
quently enough afterward to protect the new growth.” 
(Every ten days or two weeks) .* ; 

Copper sulphate (Bluestone or Blue Vitriol) is a little 
more expensive this year than formerly. In spite of the 
cost, spraying is a crop insurance which is most strongly 
to be advised. . 


*Hustace, H. J., Mich. State Board of Agriculture Report 1914 :234. 
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THE SPRAYER. 


The type of sprayer depends upon the acreage and method knapsack 
of culture. The market gardener can control tomato leaf- §pryer for 
spot with a small knapsack or hand sprayer. grower. 

Tomatoes are commonly grown in fields of 5 to 10 acres. Horse-drawn 
For fields of this type a horse-drawn ‘traction sprayer is to {Mction | 
be advised. However, efficient work can be secured by means eterna 
of a handpower barrel pump mounted on a truck. This is ; 
the cheapest form suitable for field conditions and may be 
rigged up for from $25 to $40. 

For large acreages or for community or company use, a The sprayer 
power sprayer is the best investment. Such an outfit will put ireaees, 
the Bordeaux on most efficiently and will give the maximum 
protection. 
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ARRANGEMENT OF NOZZLES. 


The necessity of spraying the under side of the leaves 


q, makes the arrangement of nozzles important. The accom- 


panying diagram shows the arrangement believed to be most 
efficient. 


FEED PIPE 


—— — 


Vig. 5. Arrangement of nozzles. 


With such a setting of nozzles the leaves can be efficiently 
covered without repeating the spray in the reverse direc- 
tion. 

Any spraying outfit can be adjusted to suit the needs of 
the crop, by use of a few pipe fittings. The accompanying 
diagram suggests a cheap, easily arranged setting. (Fig. 5.) 
Spraying is worth while even if the outfit is not ideal, or 
the nozzle arrangement perfect. Given good Bordeaux, 
thoroughness of application with pressure enough to produce 
a mist, and the investment will yield good returns. 
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THE MAKING OF BORDEAUX. 


FOR SMALL ACREAGES. 


(1) Saw a 50-gallon barrel (vinegar or oil) and make two 
25-gallon tubs. 

(2) Put 2 pounds of Bluestone (called Blue Vitriol or 
copper sulphate) in a cloth sack and hang over night in one- 
half tub of water (1214 gallons). Bluestone dissolves slowly. 


Hang it the night before so that the sack is just under the 
surface of the water. 


1 DIP EQUAL PARTS FROM 1 2 

@ SARE gn AND 2 INTO s = ori 
BLUESTONE ° * 
keae 122 qs. 


2 |bs.ini2Zgals. 2 
= cold “id 


be 


Fine mesh screen 


Si a to strain 
ordeaux 


Use this mixture at once ins prayer 


Tig. 6. How to make Bordeaux mixture for small acreages. 


(3) Make a lime paste by slaking 2 pounds of fresh stone 
lime in one-half pail of water. Stir this into the half tub 
(1214 gallons) of cold water. Hydrated lime (comes in 
sacks) may be used. Use 214 to 3 pounds of hydrated. Then 


follow the directions in the picture. This method will make 
25 gallons of spray. 
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To make 100-gallon batches. 


Bordeair (1) Secure four 50-gallon barrels. 
8-8-100 (2) Fill barrel No. 1 half-full, and hang 25 pounds of 
aoe Bluestone so that the Bluestone is just under the surface of 


the water. This makes stock Bluestone, 1 pound to the gallon. 

(3) Fill barrel No. 4 half-full of water and stir 25 pounds 
of freshly slaked stone lime or about 30 pounds hydrated 
lime-in it. This is the stock lime paste, about 1 pound to the 
gallon. 

The stock solutions will make 300 gallons of spray. They 
will keep if covered. 

(4) Take 8 gallons stock Bluestone from barrel No. 1 and 
add to 42 gallons of water in barrel No. 3. (That is, fill the 
barrel). 

ADD 8 GALS. OF STOCK BLUESTONE ADD 8GALS. OF STOCK LIME 


FROM Bbl. No.1 TO42 FROM Bbl. No TO 4:2 
GALS. OF WATER GALS. OF WATER. 


=o cull 
BS BLUE-| 
STONE IN 25 | 


H] " a FA 
|| DILUTE 
|" BLUESTONE, 


Arn 
MAT LOT 


ex jl amen “ 
|| 


COVA TLL 


Sm 


Fig. 7. How to make Bordeaux mixture in 100 gallon amounts. 


(5) Take § gallons of stock lime from barrel No. 4 and 
add to 42 gallons of water in barrel No. 3. 

(6) Run these materials together through a strainer into 
the sprayer tank. The combination is Bordeaux mixture 
and must be applied at once. 

If the spray tank holds only 50 gallons make the dilution on one-half the above scale. 
The first batch may be tested with litmus paper to make sure that there is lime enough. 
If blue litmus paper turns red, add more lime. With good fresh lime using the amounts 


given, no test is needed. If weather conditions prevent the using of a batch of Bordeaux, 
it may be kept for a long time if cane sugar is added at the rate of one-half pound to 


50 gallons. 
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THE SOIL SOLUTION OBTAINED BY THE OIL PRESSURE 
METHOD. 


TECHNICAL BULLETIN NO. 28. 


FOREWORD. 


In my annual report for the year ending June 30, 1913, there appeared 
a brief account of the efforts of Dr. F. H. H. Van Suchtelen and Mr. 
Arao Itano to separate from the soil the liquid phase. We encouraged 
these efforts because we were not satisfied with the results or the promise 
of results from the then existing lines of research in soil bacteriology, 
VizZ.: 


I. Numerical determination of bacteria in soil. 
Il. Determination of species of bacteria in soil. 

Ill. Transformation experiments such as involve determinations of 

ammonia, nitrites, nitrates, etc. 

The soil presents three phases: the solid, the liquid and the gaseous. 
The study of the soil from any standpoint has always been difficult be- 
cause of its complexity due to each of these phases and to their interre- 
lationships. It has been our thought and purpose to throw some light 
on the liquid phase and the present paper contains a description of the 
method of its extraction, devised by Van Suchtelen and Itano, with some 
of their results, together with more extensive data relative to the chem- 
ical content and physical properties of the soil solution. It has been 
our thought that such a preliminary study is a necessary preparation 
for any biological research with the liquid phase of the soil. A further 
report, involving the micro-biological aspects of the soil solution, is now 
undergoing preparation. 

WARD GILTNER. 
63 
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THE SOIL SOLUTION OBTAINED BY THE OIL PRESSURE 
METHOD. 


J. FRANKLIN MORGAN, RESEARCH ASSISTANT IN BACTERIOLOGY. 


INTRODUCTION. 


The study of the soil, the medium in which the plant grows, has been 
approached from many angles. The sum total of these efforts has thrown 
some light on what the soil is, what it lacks for good plant growth, and 
thus what it requires to make up this deficiency. The one phase which 
has been studied to the least extent is that of the actual medium from 
which the plant takes part of its nourishment,—that is, the soil solution. 

“A solution’ is a mixture of substances chemically and physically 
homogeneous throughout, the proportions of whose components may be 
altered continuously without producing an abrupt change in any prop- 
erty of the solution.” It may be more briefly stated: “A solution® is a 
mixture of substances so intimate that they cannot be mechanically 
separated; as, for example, by filtration.” 

Soil solution, then, is a homogeneous mixture of the water (the sol- 
vent) and the soluble ingredients of the soil (the solutes), consisting 
of gases, liquids and solids. These solutes may influence the solubility 
of other substances. This is more especially true of the solutes which 
makes the solution acid or alkaline in reaction. For example, carbon 
dioxide dissolved in water forms a weak acid and acids as oxalic, ete., 
are formed from the decomposing organic substances. Nevertheless the 
final solvent that holds all in solution is the water. 

The somewhat confusing term, soil extract, should not be understood 
to be the same as the soil solution. The latter is a solution produced by 
the forces operative under natural conditions. The former is one pro- 
duced artificially by the use of solvents such as acids or water for the 
purpose of bringing into solution some particular element or all of the 
elements in the soil. 


THE SOIL SOLUTION IN THE SOIL. 


The solid phase of the soil which holds the liquid phase as a medium 
for nourishing the plants and microorganisms is formed from weath- 
ered rock of various kinds and from the decaying organic matter of 
plants and animals. The amount, size, and composition of the different 
particles together with the amount of organic matter present determine 
the type of soil. The maximum amount of soil solution that the soil 
can hold depends upon the physical character of the soil,—the finer the 
soil and also the more organic matter, humus, present, the more the par- 
ticular soil will hold on account of the larger surface given for adsorp- 
tion. The capillary water present is more firmly held by the force of 
surface tension. 

In order that the plant may take up through its roots the mineral con- 
stituents in the soil, the latter must be in solution. As the plant re- 


1Bigelow’s Theoretical and Physical Chemistry (1912 Ed.), 36. 
2Coulter, Barnes and Cowles Text Book of Botany, (1910 ind. \ p. 303. 
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quires moisture for its existence, the soil water performs a double func- 
tion,—it furnishes the moisture to the plant, and holds in solution the 
mineral and the organic compounds. The solutes that are present assist 
by dissolving some of those constituents of the soil otherwise insoluble. 
The character or type of soil, e. g., the size and composition of soil 
particles, will determine to a large extent, what the soil solution con- 
tains. Treatment of the soil as to cultivation, drainage, fertilizer and 
cropping, have a marked influence upon the amount and kind of solutes 
present. 

Gedroitz! says that the greatest part of the soil compounds have a very 
low degree of solubility. The solubility of the soil compounds is not a 
constant quantity, but depends upon temperature and pressure and as 
stated previously upon the solutes present. Practically* every soil con- 
tains all the common rock-forming minerals, all of which are more or 
less soluble in water, the amount in solution depending upon such factors 
as the temperature, pressure, etc. Not only these mineral compounds, 
but the organic compounds formed from decaying plant and animal 
tissue are found in solution. 

The soil solution furnishes material from its immediate surroundings 
to the plant. The upward moyement of the water brings material from 
below some of which the plant absorbs through its roots. The plant 
will, on dying, deposit this material on the surface. 


HOW ADSORPTION AFFECTS THE SOIL SOLUTION. 


A very important factor was brought out by Gola* in regard to the 
colloidal character of the soil particles and its effect upon the soil solu- 
tion. On account of the complexity and colloidal nature of some of the 
soil particles, it is claimed that the colloids adsorb some of the salts of 
the solution. The amount adsorbed depends upon the moisture con- 
tent. Presence of a large amount of water sets up a dialysis which 
causes the hydrogels to give up the salts adsorbed. Reverse action takes 
place at first with a diminution of the moisture content, but finally the 
imbibition water of the hydrogels evaporates and the gel is precipitated 
as an amorphorous mass, the bonds uniting the salts with the colloidal 
molecule are broken, and the water set free is able to dissolve more salts 
than it can before the loss of the adsorbent properties of the soil. 


RBAL IMPORTANCE OF THE SOIL SOLUTION. 


The study of the soil solution is of a great importance from various 
points of view. The very complexity of the soil and the constant change 
which the soil is undergoing introduce a countless play of factors. This 
complexity inherent in the subject should not discourage investigation. 
It must be admitted that the soil solutions from different fields or from 
different parts of the same field will not be exactly the same nor even 
will the soil solutions present at any one spot remain constant. But the 
same could be urged against chemical analyses of the soil which likewise 
vary, yet which on the whole give a general idea of the field conditions. 

The soil solution, at the outset, may be considered in its relation to 


i pgs “Solubility of Soil Compounds.” Russian Journal of Expt. Landw. 7, 1906, 


*Cameron, F. K.: Soil Solution, 1911, p. 32; Cameron, F. K. and Bell, J. M. The Min- 
eral Constituents of the Soil Solution, Bul. 30, Bureau of Soils, U. S. D. A., D. 9. 

8. Cavers’ Review of Gola’s Osmotic Theory of Edaphism. Jour. of Ecology, Vol. 2, No. 
4, 1914. pp. 209-231. 
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soil formation. Zacharow' maintains that the soil solution plays an 
essential role to the extent in which it relates to the process of leach- 
ing, dissolving and further advancement of the soil particles in the soil 
layer. Finding that the soil extract from different soils varied in color, 
reaction and amount and composition of the soluble constituents he was 
able to differentiate the different soil types. The amount of humus 
present has a marked influence upon the color and reaction of the soil 
solutions. Soils of the same composition as to type except in organic 
matter present will vary in their soil solutions as to color and reaction. 
Varying in these, the other properties, chemical, physical and_bio- 
logical, vary. Not only the humus, but certain of the mineral constitu- 
ents of the soil that give it color, also have marked influence upon the 
color of the soil solution. 

The second phase of importance from an ecological standpoint is the 
soil solution as the medium for plant growth, the actual medium in con- 
tact with the plant roots, which is the substratum for the microbial life. 
The plant is susceptible to the neutral, alkaline, or so-called acid reaction 
and is affected by the amount and kind of available substances present, 
especially of potassium, phosphorus, calcium and of nitrogen in its 
various forms. 

Cameron and Bell’ say “The soil solution is physiologically of the 
greatest importance, as it is the source from which plants absorb the 
mineral constituents which have been demonstrated to be absolutely es- 
sential to their continued existence and development. The study of the 
soil solution therefore becomes of the first importance in the investiga- 
tions of the relation of the soil to plant growth.” 

Heretofore no available means has been devised for obtaining large 
amounts of the true soil solution or a fair representative of the same. 
Irom the study of synthetic solutions and of water extracts, much light 
has been thrown upon soil fertility. With a true soil solution, much 
more valuable information ought to be obtained. For example, we have 
used the soil solution obtained by the method here described to study 
the effect of the microorganisms in fertilized soils and also to show the 
effect of soil reaction upon the number and kind of microorganisms pres- 
ent. This phase of the work will be taken up in a later publication. 


PREVIOUS METHODS. 
1. Drainage Waters. 

Various investigators have tried to find some means of obtaining a 
soil solution as it exists in the soil in order that they may become better 
acquainted with the medium in contact with the plant roots and the 
medium in which microbial activities must take place. Among the first 
tried may be mentioned drainage waters.® 

There are several methods of collecting the drainage water for study: 


(a) Collecting the water from the soil drainage pipes at the point 
of discharge. 


*Zacharow, S. A.: The Soil Solution: Its Role in the Soil Formation, The Method of Ex- 
amination and Its Use in the Characterization of Soil Types. Rus. Jour. of Expt. Landw. 
1906-7, No. 4, pp. 388-477. 

“Cameron, F. K. and Bell, J. M. The Mineral Constituents of the Soil. Bul. 30, Bureau 
of Soils, 1905, p. 8. 

‘Hilgard, E. W., ‘Soils’ (1912) pp. 22-25; Deherain, P. P., Researches on Drainage Water. 
Ass’n of Agron. Vol. 16-23, Comptes Rendus de l’Acad. des Sci., Vol. 116, 117, 120, 125; 
Welbel, B. M., Drainage at Plots Expt. Sta., BE. S. R., 19, p. 923. Eckart, C. F., Lysimeter 
Experiments. Haw, Sugar Planters’ Sta., Div. Agr. and Chem., Bul. 19, (HE. S. R. 18, p. 
718; 14, p. 554). The amount and composition of the drainage through unmanured and un- 
cropped land. Barnfield, Rothamsted, Miller, N. H. J. Journ. Agr. Sci. 1 (1906) No. 4, pp. 
377-99. (List of 10 references). 
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(b) Collecting the water that percolates from the bottom of a can 
that contains a large amount of soil and so arranged as to represent 
natural conditions. 

Some pertinent objections may be brought against this method. The 
gravitational or drainage water as it moves downward through the 
soil, carries with it only a small part of the film water, but if it is con- 
tinued long enough, this film water will be entirely replaced by a new 
one which for the time being is not concentrated to the same degree as 
the one before it. Schloesing’ claims that drainage water, collected 
after it has passed through a meter of earth, does not faithfully repre- 
sent the solution which the arable layers imbibe. Lysimeters gave a so- 
lution for only a particular depth under certain conditions, but not at 
any given moment. In all the drainage water, according to Hilgard,’ 
the chief nutritive ingredients of plants, except nitrogen, are present in 
traces only; chlorides, nitrates, sulfates of sodium and magnesium form 
the bulk of the permanently soluble matter, with usually a considerable 
proportion of calcic (and magnesic) carbonate depending upon the 
amount of the earth carbonates present in the soil as well as upon that 
of oxidizable organic matter from which carbonic acid can be formed. 
The drainage waters, therefore, contain too much of some ingredients 
and too little of others to give any definite information as to the soil re- 
quirements. 


2. Soil Extracts. 

The method of obtaining soil extracts has, no doubt, been used more 
than any other for the study of the soil. It depends upon whether a 
total analysis of the soil is desired, or whether just the ingredients that 
may become easily available to the plant are desired, as to the nature 
and strength of solvent used. Different investigators use different sol- 
vents for this purpose. The solvents may be classified under three 
heads: mineral acids, organic acids, and water. 

In all the above extractions, none deals with a solution which con- 
tains the exact amount of substances available to the plant. While they 
are certainly valuable for determining the total amount of various in- 
gredients present, it is seriously to be questioned, if they give data on 
actual soil conditions. Consequently water, the least objectionable, has 
been used as a solvent for determining the available plant nutrients in 
the soil. 

The methods of obtaining extracts by the use of water vary somewhat. 
Some use pure distilled water, others distilled water with some gas as 
CO, dissolved in it, others with NH,Cl in solution. In these two latter 
methods large amounts of soil and large amounts of water containing 
CO, are used. To one only a small amount of NH,Cl is added. 

The Briggs® filter method gives a soil extract. ‘Tn this method water 
is mixed with soil in proportions of 5 to 1, and the turbid supernatant 
liquid is clarified by being forced through a Pasteur-Chamberland filter. 

Another common method, the tumbler or beaker method, consists 
in thoroughly mixing the soil with water and filtering through filter 
paper. Hither a definite amount of water is used, or the soil is washed 
till the filtrate reaches the desired amount. 

18chloesing, Th. Analyse des Haux contenues dans-les terres arables,—Comptes Rendus 
de Academie des Sciences, 1870, 70, p. 99. 

*Hilgard, E. W. “Soils” (1912) 'p Pg IE 


ue L. J., Filtration of Suspended Clay from Soil Solutions, Bul. 19, Bureau of Soils, 
Si Dept. of Agr. p. 31 (1901). 
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“ 


Probably there are conditions that occur in the soil that can be studied 
by means of the water extracts. These methods while obviously more 
applicable for yielding data than extractions with acids and the like, 
yield dilute washings from the soils which cannot be concentrated to 
reproduce the original soil solution. 


3. Artificial Root. 

In their study of capillary movement of the soil moisture, Briggs and 
McCall' tried to imitate the plant root in its absorption of moisture. A 
close grained unglazed porcelain filter (Pasteur-Chamberland) was con- 
nected to an exhausted 2 liter receiver and was so placed in the soil that 
there would be good capillary connections. On account of the lower 
pressure on the inside of the tube, the soil moisture was drawn through. 
It is claimed that the solution thus obtained is identical in concentra- 
tion and composition with the soil solution from which plants get their 
food. The disadvantage of this is that it is applicable only to those soils 
of comparatively high moisture content and that it furnishes only a small 
amount of solution. The adsorption on clay filters is known to be im- 
portant enough to change seriously the solution obtained. 


4. Centrifuge. 

The method for obtaining the soil solution which is least open to criti- 
cism is that developed in the Bureau of Soils. I quote from Bulletin 31. 

“Dr. L. J. Briggs and Mr. J. W. McLane? of this Bureau have con- 
structed for this purpose a centrifugal machine which consists of three 
concentric cylinders, the middle one having fine perforations. The moist 
soil sample as collected in the field, is put between the perforated mid- 
dle cylinder and the inner cylinder. The system of three cylinders is 
then rotated at a speed approaching 8,000 revolutions per minute. The 
soil moisture is thrown through the perforations and collects in the 

compartment formed by the perforated middle cylinder and the outer 
cylinder. The solution is usually perfectly clear and needs no subse- 
quent filtration. By this means it has been possible to reduce the soil 
moisture to approximately the optimum condition for plant growth, and 
this method of obtaining the actual soil moisture is therefore limited to 
soils containing more than the optimum. Nevertheless, it has been pos-: 
sible to gain some valuable information concerning the actual concen- 
tration of the free soil moisture by means of this method, although for 
any extensive study the amount of solution that can be obtained is com- 
paratively so small as to be practically prohibitive.” 


5. Displacement Methods. 

A. Schloesing’s method—Water. Historically this type of experi- 
ment for obtaining soil solution is quite old. We find progressive develop- 
ment in working out of this method. Among the first attempts to ob- 
tain the soil solution in an unaltered condition was that of Th. Schloes- 
ing® in the ’60s. His first method dealt with 1 or 2 kgms but he then 
modified this plan so as to admit the use of larger amounts of soil, 30 
to 35 Kgms. An artificial rain of pure water was so produced that the 

‘Briggs, L. J. and McCall, J. R.: ‘An Artificial Root for Inducing Capillary movement of 


Soil Moisture.” Science N. S. 20, (1904) pp. 566-8; Bul. 31, Bureau of Soils, U. S. Dept. of 
Agr. (1901), p. 17: 
“Schreiner, O. and Failver, G. H., Colorimetric, Turbidity and Titration Methods used in 
Soil Investigations, Bul. 31, Bureau of Soils, U. S. Dept. of Agr. (1905) pp. 16-17. 
5Schloesing, Th. “Sur L’analyse des Principes solubles de la terre vegetable’? Comptes 
Rendus de l’Academie des Sciences. 1866, 63, p. 1007. ‘‘Analyse des Haux Conteneus dans 
les terres arables” 1870, 70, p. 98, 
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amount of water falling on the soil could be controlled. The line of de- 
marcation between added water as it percolated through soil and the 
moisture already in the soil was apparent. In order to make the de- 
marcation more apparent to the eye, he colored the water with carmine. 
The reason for this being, that the added water forced out the water 
below before the added water mixed with the soil water. The water 
thus obtained was used for analytical purposes,—a study of the material 
in solution. The objection’ raised to this method was that it did not 
work well with soils containing less than 20 percent moisture, and the 
time required for extraction was too long. 

B. Istcherekov’s method—Alecohol. Istcherekov? tried to find some 
other liquid than water that would wet the soil. With the idea in mind 
that the attractive forces of the soil particles would be easier to over- 
come and also that the capillarity would not be destroyed, but some- 
what modified, a liquid was desired that would wet the soil and pene- 
trate the smallest pores. The action of such a substance upon moist 
soil would result in freezing soil solution from the soil. Another re- 
quirement was that the displacing liquid should be lighter than water, 
otherwise the soil solution would rise above the displacing liquid. On 
account of the less density of the displacing liquid there cannot be me- 
chanical mixing of the two substances. The lighter one floats upon the 
heavier. 

For the purpose of displacing the soil solution he selected alcohol. 
Hither ethyl or methyl could be used. His first experiments dealt with 
saturated soils. The soil was placed in a glass cylinder, the lower end 
of which was covered with cloth, and after allowing it to drain, small 
quantities of alcohol were added. Immediately after each addition a 
few drops of soil solution dripped down. When the pressure was in- 
creased at the top, this dripping increased and thus there was collected 
23 c.c. of solution from every 24 ¢.c. the soil contained. The appearance 
of a turbid liquid indicated that there was a mixture of the soil solu- 
tion and alcohol and that the extraction was completed. It is also 
claimed that soils with a moisture content of 10 to 2 percent were ex- 
tracted with success. The solution thus obtained was considered a true 
soil solution. It was suggested that any other liquid could be used pro- 
vided it fulfilled the above requirements. 

C. Gola’s method—Inmitation Rain. Gola’s? imitation of rain and 
pressure method is a combination of soil extraction and displacement 
methods. A gentle rain was allowed to fall until a regular flow of water 
was produced from the lower end of the column. This soil is then al- 
lowed to stand for 36 hours while the excess water drains out. The soil 
is then subjected to the pressure of a screw press and the water squeezed 
out is regarded as a close approximation to the soil Solution. The chief 
objection that Stiles and Jorgensen* raise to this method is that it is 
not applicable to all kinds of ‘Soils, but it may be used for all soils hav- 
ing a higher water capacity as clays, loams, humus soils. Gola found 
that the concentration of the soil liquid varied with the LODO SEO of 
the soils. 


1Istcherekov, W. BE of Soil Solution in Unaltered Condition. Russian Jour. of 
Expt. Landw. 8, 1907, 14 

“Istcherekov, W. ibid ve. 147-165. 

%Gola’s_(Oswerverzioni Sopra i liguidi Cirolanti nel terreno Agrario) Ann d. R. Acad. 
Aric, di Lorino 54, 1911; Cavers, F. G. Gola’s Theory of Edaphism. The Jour. of Ecol. 
1914, 2, No. 4 p 317. 

‘St tiles, W. ae Jorgensen, I. “The Nature and Method of Pxtraction of the Soil Solu- 
tion,” The Jour. of Ecol. 1914, 2, No. 4, p. 249, 
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D. Van Suchtelen’s Method—Paraffin oil. Van Suchtelent impressed 
by the feasibility of the Istcherekov’s method, modified the plan and 
after some preliminary work (which will be taken up later) selected 
paraffin oil as a displacing liquid for obtaining the soil solution in its 
natural condition. 

A large Buchner filter was prepared with a thin layer of non-hygro- 
scopic washed-out Gooch asbestos. The asbestos was treated with al- 
cohol and ether and after that it was dried for some time. The fairly moist 
soil, whose moisture content was known, was spread upon the asbestos 
and lightly pressed down with a rubber stopper. Then cooled paraffin 
oil was poured on so that the entire surface was covered, whereupon a 
slight suction was used. The liquid thus obtained was heated to 40° C. 
for a very short time in the suction flask in order to diminish the viscos- 
ity. After that it was carefully poured into a centrifuge tube and in 
order to hasten the separation, it was centrifuged for a few minutes at 
a moderate speed. By means of a separatory funnel, the heavier water 
was separated from the lighter paraffin oil. The paraffin oil, if it was 
entirely clear, without air bubbles, could be used again. The water con- 
tent of the soil, in which the soil water was displaced by the paraffin oil, 
lies according to his experiments under 50 percent of the total water 
capacity. 


z PRESENT METHODS. 


Paraffin oil displacement—pressure method. 


Later, instead of using suction as described above, some kind of pres- 
sure method was undertaken by Van Suchtelen and Itano with the idea 
that if a greater force could be applied than could be obtained with the 
suction pump, better results would be attained. Therefore another ap- 
paratus was necessary. In this apparatus the displacing liquid was 
forced through the soil instead of being pulled through by suetion. It 
is with this apparatus and with the solution obtained that the author 
has been experimenting for over two years. 


Apparatus. 

This consists of a cylinder connected at the top with a high pressure 
pump and open at the bottom with a small bored spout from which the 
soil solution flows. The details of the construction may be seen from the 
accompanying diagram and descriptions. After trial with a cast iron 
cylinder 5 inches in diameter and 22 inches long, others were made later, 
of larger dimensions, 6 inches by 24 inches. The cylinder is screwed 
into a flange and reducer. The union is soldered in order to make a 
more perfect joint. The reducer is connected to the pedestal, the upper 
part of which is hollow, while the part below the spout is plugged (to 
prevent loss of solution). This entire lower part can be easily removed 
from the cylinder for cleaning purposes. The cap is fastened on with 
bolts. A gasket of copper and asbestos is used to make a tighter joint. 
Tn the bottom of the cylinder is placed a perforated plate and above this 
two fine wire gauzes to hold back the soil. These gauzes are larger than 
the plate to prevent the soil from passing under its edge. A series of 
cylinders can be arranged in a battery, so that all can be worked at the 
same time, or any one or two cut out. In our experiment, three were so 


1Van Suchtelen, F. H. H., Methode zur Gewinnung der Natiirlichen Bodenlésung. Jour. f. 
Landwirt, 1912, 60, pp. 369-70. 
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connected. For this purpose any kind of hand pump can be used that 
will force the liquid through under pressure. The gage is an ordinary 
500 Ib. steam pressure gage and is placed on the main line so that the 
pressure can be read on any cylinder of the battery, by putting in or 
cutting out the cylinders from the pressure pump. 

The small cylinder (5 inches by 22 inches) is capable of holding 28 to 
33 Ibs. of soil depending upon the nature of the soil, while the larger 
ones (6 inches by 24 inches) hold 35 to 50 Ibs, 


FIGURE 1. LONGITUDINAL SECTION OF THE SMALL CYLINDER. NOTE THAT WIRE 
SCREEN (USUALLY 2) OVERLAPS THE PERFORATED PLATE. 


Before using the cylinders the inside is coated with hot paraffin; in 
order to keep the soil and the solution away from the iron. The lower 
pipe and spout as well as the plate and gauze in the bottom are also 
treated in like manner. 

The cylinder is weighed before and after filling in order to get the 
weight of the soil used. The soil used is thoroughly mixed by rolling it 
back and forth on a large piece of oil cloth. The soil is added in small 
quantities (about a double handful) at a time, a small portion being 
saved each time for a composite moisture sample. The soil in the 
cylinder is thoroughly packed down by means of a stick with an iron 
disk on the end. A great deal depends upon the packing. If loosely 
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packed, or unevenly packed, there will be left an easy channel for the 
displacing liquid to pass without much pressure being exerted and also 
without obtaining the total amount of solution possible. The pressure 
exerted will depend upon the moisture content of the soil. It is raised 
gradually as long as moisture continues to come until finally 500 Ibs. 
pressure is used if the oil has not come through before the pressure 
reaches this maximum. One reason why the pressure is raised grad- 
ually is to give the soil an opportunity to adjust itself and thus to pre- 


PLATE 1. BATTERY OF 8 CYLINDERS SET UP FOR USE SHOWING THE MANNER 
OF CONNECTION, GAGE) AND PUMP AND ALSO THE WAY THE SOLUTIONS WERE 
COLLECTED. 


vent the oil from coming through too soon due to the formation of chan- 
nels. Some soils with a very high moisture content will, even on pack- 
ing, give off some of the solution | that they contain. 

When the oil comes through in any of the cylinders, the valves on the 
others are closed to hold the pressure e attained, while the pressure is be- 
ing released on the first by opening the release valve on the pump. After 
this, the operation is reversed and the pumping is continued as before. 
When all the cylinders are used for extraction of the same soil, all ex- 
tractions, if mixed, will give an abundance of material to work with. In 
the sandy soils, oil will make its appearance generally from 3 to 9 
hours, while with the finer grained soils the oil may not come through 
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for several days. Solutions for analysis are hardly ever used after a pro- 
tracted (48 hour) extraction. Solutions are gathered from time to time 
and placed in a refrigerator to retard the bacterial action. Care is 
taken to prevent chemical changes in the solution by using resistance 
glass. 


PLATE 2. FILLING THE CYLINDER. LITTLE OF EACH HANDFUL IS TAKEN FOR 
A COMPOSITE SAMPLE FOR MOISTURE DETERMINATION. STYLE OF TAMPER 
IS ALSO SHOWN. 


When cleaning out the cylinders, the oil that is superimposed on the 
soil is saved and can be used again provided one strains it to get rid of 
the dirt that it might contain. It is found that in order to clean out 
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the cylinders easily, it is best to bore into soil either with an ordinary 
soil auger or with an ordinary 3-inch bit, (with the former several holes 
will be necessary), then with a bar the soil may be pried from the sides 
and taken out quite readily and in soils, like clay, sections of soil may 
be pulled out with the soil auger which acts like a cork screw. To re- 
move the soil in the bottom of the cylinder unscrew the cylinder from its 
pedestal and invert it, then, through the opening in the bottom, one can 
force the soil out by driving on the perforated plate with a piece of pipe 
and hammer. The soil in the bottom will be found to be packed harder 
and drier than that at the top. 


PLATE 3. METHOD OF SCREWING ON THE TOP. THE BAR ON THE LEFT IS USED 
TO PREVENT THE CYLINDER FROM TURNING WHILE THE BOLTS ARE BEING 
TIGHTENED. THE TOP NEEDS TO BE FASTENED TIGHTLY TO PREVENT THE 
OIL FROM OOZING OUT ON ACCOUNT OF THE HIGH PRESSURE USED. 


Displacing Liquid. 

The selection of the displacing liquid is very important. Istcherekoy* 
claims that the displacing liquid should wet the soil. A substance that 
will not wet the soil will not penetrate the latter when the soil is packed 
but may pass through the larger pore spaces only. On the contrary a 
substance that wets the soil, as well as the water does, will drive the 
moisture downward, provided that the displacing liquid is lighter than 


1Istcherekov, W. The obtaining of Soil Solution in Unaltered Condition. Rus. Jour. of 
Expt. Landw. 8, 1907, p. 150 
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water. Paraffin oil fulfills part of the above requirements in that it is 
lighter than water, but does not wet the soil, that is, it is not attracted 
to the soil particles like water. An advantage that it has over alcohol is 
its inertness; it does not act upon the soil, nor does it mix with the soil 
solution. Whatever oil comes through with the solution can be easily 
separated by cooling the flask so that the oil will adhere to the.sides and 
then the water can be poured off. A thick viscous cylinder oil was used 
in making the extractions. If, at times, this oil became too thick for 
pumping, it was thinned slightly by a less viscous one. 


PLATE 4. SECTIONS OF SOILS TAKEN FROM CYLINDER AFTER EXTRACTION BY 
MEANS OF THE SOIL AUGER. A, FROM SMALL CYLINDER; B, FROM THE LARGE 
ONE. THESE ARE VERY COMPACT AND HARD. : 


Van Suchtelen and Itano', to prove the inertness of the oil, made the 
following experiments: 


1. To see if the oil has an influence on the surface tension of the 
water they first determined the number of drops falling from a specially 
arranged pipette filled with distilled water, and compared the results 
obtained with another portion of the distilled water, shaken with the 
oil for 20 minutes and counted at a temperature of 16.6° C. 


1Wrom Van Suchtelen and Itano’s unpublished work done in this laboratory. 
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TABLE I.—THE EFFECT OF PARAFFIN OIL ON THE SURFACE TENSION OF DISTILLED 


WATER. 
8 | 
Dist. water 
: Dist. water. shaken 
Trial. | with oil. 
Drops. Drops. 
| 
ee See Oe ee em ee fees Ll donb ae SUM ve aon bdo | 130 127 
ae ah Int PR AY Pe Sin htt SuliciAto wc thas: MOG AS DO oO St | 128 128.3 125 126. 
Dias halla aiavel cle yahecals SO ete eee ee Hua Dae Sauls oh towete ke hetero aise ae ete one a en a 127 126 


. 


From the above they concluded that the oil has no influence upon the 
surface tension. They extracted peat with hot water and filtered and 
used such a solution because changes would more readily reveal them- 
selves, due to the variable and complex nature of the substances in the 
solution. A large amount of finely sliced paraffin was introduced into ~ 
209 ¢.c. of the solution and the conductivity determined after one-half 
hour, one hour, and three hours. In each case, it was exactly the same, 
—0).00147 ohms. 


2. In the test of the effect of the oil on the soluble salts, the solution 
was kept with a trace of HgCl, to prevent biochemical changes taking 
place. The resistance was measured after contact with oil lasting 1, 2, 
3, 4 and 14 hours, without any change whatsoever. In check experi- 
ments where the time of contact was even 24 hours, no change could be 
detected. 

To make sure that no disturbing influences were present during the 
extraction, electrical conductivity was measured of successive portions 
of 40 c.c. of the soil solution as they flowed out of the cylinder. 


TABLE II.—COMPARISON OF ELECTRO-CONDUCTIVITY OF SUCCESSIVE PORTIONS OF 
SOIL SOLUTION. 


An | 
1S GOOMONOai om cab OO 40 ce. | 0.000640 | 
Bolo BiooiOG:0 Sm cS Ok: Petpet ate 40 cc. | 0.000639 | 
ReoGiol oa Lompasaeh ate 40 cc. | 0.000642 | Av. 0.000642 | 
ER ih.5 C50 OSE 8 eS ie 40 ec. | 0.000645 


Where larger portions were taken and time of extraction was longer: 


Cylinder 5” x 22” Cylinder 6” x 24” 
B. 
He sie hes atthe 3 Raper aes 538 cc. | 0.000863 545 ce. | 0.000916 
DE MeE ITN S at oes eoora eae 450 ce. | 0.000889 545 ce. | 0.000916 
eo eee sane Sine enema iors selrenee 445 cc. | 0.000901 | Av. 0.000895 | 530 cc. | 0.000920 
Nott de 1 ca Ona ne 167 cc. | 0.000928 540 ce. | 0.000904 Av. 0.000912 
PD aps geben Waster eee kay a hele Gyo ects | tye ce eee etapa aie te keane 250 ce. | 0.000901 
GARR ee rete ihe eters wag | 5 Re ae aena er Ro eine knee ee Ries 225 ce. | 0.000904 
Ch olbg ob OS co tee eG Ee TS OF Poses Coe ae 150 cc. | 0.000924 
(On 
DL Womens -ofch,eetonstonek Masten =) 2 212 ce. | 0.000238 200 cc. | 0.000257 : 
QF Sher 0% Siesiahs! calle ee 103 ce. | 0.000255 | Av. 0.000247 | 220 cc. | 0.000246 Av. 0.000259 
Bi severe Beenace caer Marees Poe endl Puke ofa Se Shanes Wawsiaaet ees iala ge 95 ce. | 0.000273 


Al This portion of table only, from Van Suchtelen and Itano’s unpublished work. 
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In nearly every case there was a slight increase in the last determina- 
tion over the first. None of the changes were very marked and varied in 
both directions. The total solids vary somewhat similarly as will be 
seen in Table V under Soil, Nos. 34 and 35. 


PLATE 5. DIFFERENT PARTS OF THE EXTRACTION APPARATUS AND WRENCH 
AND BAR FOR FASTENING ON THE TOP. A, CYLINDER; B, WIRE GAUGE; C, 
COVER; D, PERFORATE PLATE; E, PEDESTAL AND SPOUT; F, COPPER GASKET. 


Soil. 

This method can be used with all kinds of soils, but it is better adapted 
to the coarser and more porous soils like the sandy and sandy loam soils 
than to the finer grained and less porous soils as the clays and clay- 
loams. : 


Moisture Content and Solution Obtained. 

This method will not give the entire moisture content, nor will any 
method yet devised give the entire moisture content as it exists in the 
soil. The moisture content that is necessary for an extraction will de- 
pend upon the nature of the soil used. If it contains a large amount of 
organic matter or if the grain size is very small, a larger moisture con- 
tent is necessary than if the reverse is true. The amount of solution 
that can be obtained from the soil will depend upon three factors: 


Moisture content of the soil. 
Kind of soil. 
The packing of the soil. 
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The greater the amount of moisture present up to its total water ca- 
pacity, the more solution can be obtained. It is assumed that every- 
thing else being equal, all the solution above a certain point can be ob- 
tained. Briggs and McLane’ in their work with the centrifuge called 
this point the moisture equivalent, being that amount of moisture re- 
tained by the soil, when the moisture content is reduced by means of a 
constant centrifugal force until it is brought into a state of capillary 
equilibrum with the applied force. The same term may be applied here 
with the understanding that it may vary due to the application of a 
different force. If we consider the work of these men? we note the force 
with which the water film is held to the soil particles. In the whirling 
of moist soils, they find that this film was not removed by a force of 
3,000 times the force of gravitation. In the paraffin oil pressure method, 
the highest pressure used was only 550 to 600 pounds or about 40 at- 
mospheres. The thicker the film around the soil particles the less force 
is required to remove the moisture from the outer edge of the film. Lord 
Rayleigh® as a result of some experiments calculated that the thin film 
was held with a force as high as 25,000 atmospheres. With part of the 
moisture held by that great force, it would be impossible to get it all 
with 40 atmospheres. On account of the oil penetrating at least part of 
the soil, sides, top and bottom, and all of some soils, the amount of 
moisture that remains is obtained by the difference between the moisture 
content of the soil and that obtained by extraction. 

In Table III the extractions are classed according to the kind of soil 
used. The letters S and L refer to the small and large cylinders re- 
spectively. The percentage of moisture in the soil (M. in 8.) is based 
on oven dried soil. The weight of soil (Wt. of S) used in the extraction 
includes over dried soil plus the moisture in the soil; that is, it is the 
weight of the moist soil. The percentage of moisture extracted is based 
upon oven dried soil, while the percentage of the moisture in the soil 
(M. in 8.) extracted is based upon the total moisture content of the soil. 
The moisture equivalent (M. E.) obtained is the difference between the 
percentage of moisture in the soil and that extracted, while the moisture 
equivalent calculated is determined from their formula* based upon the 
mechanical analysis of the soil. 

1Briggs, L. J. and McLane, J. W. The Moisture Equivalents of Soils. Bul. No. 45, Bur. 
of Soils, U. S. Dept. of Agr. pp. 5, and 22. : 

“Briggs, L. J. and McLane, J. W. Ibid. pp. 14 and 23. 

‘Lord Rayleigh, On the theory of surface forces. Phil. Mag. S. 5, V. 30, pp. 285-298, 456- 


475, (1890). 
‘Briggs, L. J. and McLane, J. W. Ibid. p. 17. 
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TABLE III.—MOISTURE CONTENT OF SOIL AND AMOUNT EXTRACTED. 
A.—Fine sandy soil (surface). 
7 ‘ 1 Percent 
- Percent Wt. of S. (GR (GE Percent teat a M. E. M. E. 

Lab. No, of M. in S. used. EXxtr. Extr. of ae S. obtained. | calculated. 

Kems. Per cent. | Per cent. 

i Coen eee S. 42.02 10.00 | 330 4.68 11.10 37.34 13.64 
Ss. s LO: 729) 385 | 5.10 12925 36.92 

Dra e Mert oa S. 46.73 9.87 395 5.85 122581 40.98 13.64 
Ss. & 9.87 370 5.47 11.82 40.26 

Ti a eee ee S. 29.74 12.28 690 thee 24.58 | 22.43 5.86 
15 cd 19.59 |} 1630 10.81 36.37 18.93 

UGE Ay anes ait SS. eeeor 13.04 | 650 6.13 26.81 16.74 5.86 

OH RBIS AS ayo) 5G S. 40.77 11.79 455 5.44 13230 35.33 13.64 
L. “ 18.14 770 5.98 14.67 34.79 

OAS 2 Riper taal, CaaS S. 46.02 AD 675 8.36 18.18 37.66 13.64 
its « 28.14 1165 9.06 20.14 36.96 

DO ci ascs rer ei S. 43.98 VI 57 530 6.60 15.04 37.38 13.64 
L. # 18.14 800 6.35 14.44 37.63 

Cerca tenes SoG 12.70 315 2.67 34.87 4.99 S257 
L & 20.41 515 2.72 35.47 4.94 


18a was soil not touched with the oil taken from the cylinders of 18 and extraction made without 
the addition of any more water. 


B.—Fine sandy soil (subsoil). 


OO ee sic S. 23.18 13.83 1320 11.76 _ 50.19 11.42 4.02 
L. . 21.55 1800 11.438 | 42.88 aL Avite 

SO ee S27 27535 14.29 1290 10.63 | 61.19 6.72 4.02 
L. ed 22.34 1550 8.15 46.95 9.20 

ca ee Sol. 71 14.29 1487. 12.26 | 69.22 5.45 4.02 
L. # 22.23 2475 13.12 | 74.08 4.59 

£2: alana ea ee S. 21.08 14.06 1600 13077 | 65.36 (aol 4.02 
L. . 22.01 2785 15.29 | 12.13 5.79 

C.—Medium sandy soil (Saginaw) surface. 

Sees seo o | S. 24.80 9.92 275 | Bul 9.64 | 21.69 9.11 
| Ss. < Wl se ere 875 | 9.88 29.98 | 14.92 

Meets ersvers oe | L. 27.49 17.24 1900 | 14.38 54.77 | 13.11 9.11 

D.—Medium sandy loam. 

Bn a Meet S. 29.36 12.56 350 3.61 12.29 25275 
L. bs 19.28 420 2.82 12.46 26.54 

Ss. a 12.36 330 3.4660 11.51 25.90 15.68 
S. 2 12.62 320 3.28 11.19 26.08 

A rosie s,0.6 0% S. 27.24 10.40 375 4.59 16.86 22.65 15.68 
Ge 19.85 760 4.88 17.92 22.36 

Lieve sae ees S. 45.38 11.34 830 10.66 23.48 34.72 *8.11 
L. d 17.69 1715 14.09 31.01 31.29 


i 


65 


_ 


*Low on_account of not considering the presence of organic matter. 
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E.—Miami Silt Loam. 
. | 
- . 7 Percent 
Percent Wt. of S. C. C. Percent : M. E. M. E. 
Lab. No. {of M. in S. used. Extr. Extr. 0 nee 8.| obtained. | calculated. 
Kems. Per cent. | Per cent. 
PF, ee Mae are Psiee oe Se ey/ fal DSA 159 | Warde 4.65 36.05 23.68 
L. G 18.37 Zale! ay 83 4.59 36.08 
ZDAG bhiars se A S. 36.69 12.70 173 S87: 5.22, 34.82 23.68 
ive ce 18.84 286 | 2.03 5.92 34.63 
PAS WES ae oa 8. 35.12 9 700 8.03 22.85 37.09 23.68 
L. 2 19.28 1125 7.89 22.47 Sims 
¥F.—Clyde clay loam (subsoil). 
Brey Oneaaicitas are tarheus L. 54.61 18.31 87 0.78 | Le22 53.83 28.70 
[OE a epee OO L. 46.88 ee AO ELG Pte wa GROpGs|errcst-tepice \penOnnionin lpn evi lnurdic ood 
AD Ne tree ek S. 40.86 13.38 214 2.25 | eel 38.61 28.70 
L. 40.86 20.21 298 1.98 4.85 28.88 


*Small amount of moisture obtained in these extractions was due to soil coming thru and plugging 


the spout. Wire gauze did not cover the perforated plate entirely. 
G.—Clyde fine sandy loam (surface). 
TAO Ke stores L. 43.82 19.56 91 ‘0.67 1-53 43.15 24.58 
Aa sexe yomereccie Tbs 40257 19.91 265 1.87 4.61 38.70 
AS Hoecicstreiiarce L. 41.91 19.73 491 Bit 8.42 38.88 20.95 
« 19.85 433 3.10 7.38 38.81 
| 
+See note of 39 and 39a above. 
H.—Miami clay (surface). 
AS eos as eek | Ib. (24°52 | 23,02 | 264 | 1.43 | 5.80 | 23.09 | 15.14 
I.—Peat. 
: | 
Qe Rare, Meena Ne | S. 132.90 8.73 730 19.95 14.64 112.5955) Seon 
L. . 13.84 1212 24.43 Ses 112.80 
Zara hc Tere S. 251.95 7.48 1249 58.79 2333 193.1694. eee 
L. f 10.89 1825 59.05 23.44 192.90 
J.—Muck. 
tomers eee | L. 98.22 | 13.32 125 1.86 1.89 96.36 35.89 
ZO apa hae soe eee | S$. 155.01 8.16 600 18.75 12.10 136.26 41.58 
: io 12.93 800 15.79 11.68 139.22 
| 
DA ins Sealrhs Dae S. 164.00 | 8.39 660 20.80 12.68 143.20 41.58 
12. 860 17.90 10.92 146 10 


Aon 


Under D. 4 L., this cylinder cracked around the flange before extraction was completed. 


EXPERIMENT STATION BULLETINS. 515 


From. Table III it will be noted that the amount of moisture ex- 
tracted depends upon the kind of soil. With some soils the percentage ex- 
tracted is very high. For instance, from the sandy soils Nos. 32 S, 33 
and 34 of B, from 59 to 74 per cent of the moisture content of the soil, 
No. 35 of A (7.66%) 35 percent of the soil moisture was removed and 
considering the low moisture content, it is to be.seen that the extraction 
was very efficient. 

From the column showing the number of c¢.c. extracted, it is evident 
that sufficient amount of solution is obtained in nearly every instance 
from a single cylinder for analytical purposes. In the majority of the 
extractions the larger cylinder gave better results,—more solution in 
proportion to the amount of soil used than the smaller one. In some 
cases there was not much difference in the results. 

In a series of extractions with Soil 18, a variation from the usual 
practice occurred, which showed further possibilities of the method. 
Soil No. 18 of A was received from Saginaw in a nearly air dry condi- 
tion with a moisture content of 6.25 percent (oven dried basis). Suf- 
ficient ammonia-free distilled water was added to this soil the night be- 
fore the extraction was made to make a total moisture content of 
29.74%. After the extraction was made, that portion of the soil un- 
touched with oil was removed and served for a second extraction (18a) 
on the same day. The amount derived as a result of both extractions 
equals 43.71 percent of the total moisture content present at the begin- 
ning of the first extraction. The percentage of moisture in 18a corres- 
ponds very closely to the average of the moisture equivalent obtained for 
the small and large cylinders of Soil 18. From Soil 3 of C, a Saginaw 
soil, whose moisture content was 11.56 percent no solution could be ob- 
tained. Ammonia-free distilled water was added and extraction was 
made and results were obtained as noted in the table. Soil 3a was an- 
other portion of the same soil whose moisture content was raised 8 
months later and extracted. Soils 4 and 4a of D were the same soil ob- 
tained at the same time, stored in large galvanized iron pails paraffined 
to keep the soil from the sides of the pail and was covered with paraffn 
to prevent loss of moisture. The extractions were made at different 
times. Soils 39 of F and 40 of G were obtained a week before the ex- 
tractions were to be made for the purpose of dividing each sample into 
two portions and raising the moisture content of one portion of each 
sample. Likewise soils 42 of F and 43 of H were obtained, but no change 
was made in its mosture content. Soil 41 of G was obtained two days 
before the extraction, while all the others were used on the day of col- 
lection. ; 

The moisture equivalent obtained, especially of those sandy soils with 
a low percentage of organic matter present, approached quite closely 
that calculated. This is notable in 35 of A, 32, 33, and 34 of B. Most of 
them are within the limit of error -- 3 allowed by Briggs and MecHain’. 
This is not true of the other soils. Perhaps this may be partially ex- 
plained by the fact that the oil penetrated the former soils, but did not 
penetrate the latter soils. The moisture equivalent of the peat and muck 
soils is very high. From such high moisture content one might expect 
a greater volume of the solution than was obtained, but, it indicates how 
tenaciously the soil water is held by the organic matter. Another fact 


Briggs, L. J. and McLane, J. W. Ibid. p. 18. 
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should be noted, viz. that a much greater force was used and applied dif- 
ferently by the above men than that used in our experiments. It must 
be noted that the moisture equivalent will vary according to the force 
applied. 

If we consider Tables III and IV together, we will find that those 
soils with the finer particles and also those with more organic matter 
have a tendency to hold back the water very tenaciously. This is very 
noticeable in the soils of the sandy loam, silt loam, clays, muck and 
peat types. Even in the centrifuge method, those containing a larger 
percentage of the finer grain and organic matter retained a larger per- 
centage of the moisture. 


PROPERTIES OF SOIL SOLUTION. 


The study of certain of the physical, chemical and biological factors 
of that solution ought to give some information in respect to the soil 
problems. 


Physical. 

The specific gravity of the solution gives an index of its concentra- 
tion. It is necessary for the calculations of viscosity and surface ten- 
sion and is determined by the pycnometer at 18° C. 

The color of the solution may give some indication as to the presence 
of organic matter, perhaps something as to the nature of that organic 
matter. The author has noticed in some box experiments where the soil 
was treated with a large amount of dried blood, tankage or cotton seed 
meal, a distinct coloration of the solution. However any information 
gained in this connection must be very indefinite. 

Other things being equal turbidity shows something as to the fineness 
of the soil,—the finer it is, the more turbid the solution. The larger and 
heavier particles can be separated after a few minutes centrifuging. 
Some of the remainder will settle out after long standing. The turbidity 
is determined by making a comparison with a known mixture of BaSO, 
and water by means of Schreiner’s colormeter. The above mixture is 
made by mixing 1 cc. each of N/10 BaCl,,. and N/10 K,SO, and diluting 
to the desired strength. As in the case of color, data collected in con- 
nection with turbidity are of questionable value at the present stage of 
our studies. 

Surface tension and viscosity are very important in that they have 
much to do with the capillary movement of the soil water. The greater 
the surface tension, the thicker will be the capillary film and the harder 
it will be to remove this film. The more viscous the liquid is, the less 
will be the movement due to capillary action. The surface tension is 
determined by the drop method, that is, comparing the size of a drop of 
the solution with that of distilled water at a given temperature. Traube’s 
Viscostagonometer’ is considered the best instrument for this work in 
that it could be used both for the determination of surface tension and 
viscosity. With a little care both could be run at the same time. The 
apparatus consisted of a long graduated tube which is joined at the 
lower end to a narrow capillary tube ending in a polished dropping sur- 
face. The tube is graduated into 50 divisions and holds 2 or 8 cc. of 
liquid. The liquid is drawn up by suction through a rubber tube at- 
tached to the top of the glass tube either by a pump or the mouth. The 


14). Abderhalden, ‘‘Kapillaranalylisch Methoden yon J. Traube,’’ Handb. Biochem. Arbt. 
Meth. B. V., pt. 2, p. 1858 and Neq. 
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author finds that better results were obtained by removing the rubber 
tubing in either case, otherwise the flow will be hindered by shutting 
out the free access of-air. Traube recommends the use of two mirrors 
so arranged that one can notice when the first drop falls while taking 
the reading on the upper part of the scale. The author finds it easier 
to allow the first drop to fall into the hand while taking the reading. 
This is only necessary for surface tension work. The number of drops 
is counted and the reading is also taken for the last drop. From the 
data thus obtained, the size of the drop is determined. The size of the 
drop of distilled water is also determined and the two compared, the 
size of the drops is obtained by dividing the number of the divisions of 
the pipette delivered by the corresponding number of drops. The time 
it takes for the solutions to pass through fifty divisions of the pipette 
divided by the time for distilled water to pass through the same number 
of divisions gives the viscosity. 
Size of drop of solution X Sp. Gr. 


- == Surface Tension of Solution. 
Size of drop of dist. water x Sp. Gr. 


Sp. Gr. of solution < t 
Sp. Gr. of Dist. Water X t’ 


= Viscosity of Solution. 


As temperature influences the flow and amount of liquid used, the 
tube is surrounded by a water jacket with a thermometer. ; 

Another important factor in the study of the soil solution is its 
concentration because of the effect it has upon the development of 
the living cell. This concentration concerns the force or pressure that 
the solutes exert when placed under varying conditions. In connection 
with the cell, either of the higher or lower plant life with which the soil 
solution comes in contact the solutes exert a force against the plasma 
membrane, called osmotic pressure. Here we have three factors to take 
into consideration—solution, plasma membrane and the solvent. When 
we have only the solution itself, a single factor, the force that it may 
exert is called osmotic concentration, usually recorded in pressure of at- 
mospheres. Both the osmotic pressure and osmotic concentration can 
be determined by the freezing point method. 

Before discussing this method of determination, a few words may be 
said in regard to the effect of solutions upon the living cells. When this 
solvent, water in the soil solution, passes through the membrane, it 
causes the liquid to rise or push out the walls of an elastic membrane. 
In the case of plants, or microorganisms, they become rigid or turgid 
with this pushing out of their cell walls due to the hydrostatic pressure 
of the solvent. In order for the cells to take up water, the concentration 
of the cell sap or cell contents must be greater than that of the soil so- 
lution. If the reverse were true, the moisture of the cell would diffuse 
out. Plasmolysis and ultimately death of the cell would result. In 
case of plants, this is evidenced by their wilting and finally by their dry- 
ing. The plants lose their turgidity. The plant nutrients that are in 
solution diffuse through the cell wall and plasma membrane of the roots 
as rapidly as the plant utilizes those already in the cell sap. This 
process is slower than the diffusion of the water. If this water were not 
replaced either by rain or from some other source, the soil solution would 
become more concentrated and thus the process would be reversed,— 
the water going out instead of going in. 


Nore—t and t’, == Number of seconds for a given amount of liquid to flow out of apparatus. 
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The determination of the osmotic pressure is possible directly and in- 
directly. The former method is tedious and too specific and not adapted 
to our purposes. Of the indirect, the cryoscopic, or freezing point method 
of Beckmann was adopted because of its simplicity and _ reliability. 
As a complete description of this method can be found in most text- 
books on physical chemistry, only a few points will be touched. In our 
work the thermometer was standardized each day by the freezing 
of distilled water before and after data were collected on the solution. 
To prevent any loss of mercury by its rise in the column after removal 
from the frozen solutions, the thermometer was kept in a tube sur- 
rounded by the freezing mixture. It is a well-known fact that solutions 
freeze at a lower temperature than the solvent itself. The amount of 
this depression depends upon two factors,—concentration of the sub- 
stance dissolved and the kind of substance in solution. Two solutions, 
each containing the same quantity of different substances, will have the 
same concentration, but their depression of the freezing point will vary 
on account of the different dissociative properties of the substances in 
the solution. However, the depression of the freezing. point may not 
give the kind of substance dissolved, but will give an idea of the solu- 
tion pressure exerted,—whether there is a single substance or a mix- 
ture of substances present. Upon this principle of lowering the freez- 
ing point is based the determination of the molecular weight and os- 
motie pressure since both depend upon the concentration of the solu- 
tion. The figures in the column for osmotic pressure are in degrees, the 
amount of depression of the freezing point. These can be easily changed 
to atmospheres by referring to the table in the appendix. 

Specific conductivity, the reciprocal of the resistance, is important in 
that it gives the concentration of the solution, especially the ion con- 
centration, although it does not give any indication as to the presence 
of colloids or non-electrolytes. The colloids may carry a charge of 
electricity either as a colloid itself or due to the electrolytes adsorbed 
by it. The Kohlrausch roller type bridge with a telephone as a detector 
of the minimum sound given by the induction coil is used for obtaining 
the resistance of the solution. The current is furnished by a 2-volt stor. 
age battery. As the resistance varies according to the area of the elect- 
rodes and distance between them, the relation between the area and dis- 
tance is determined with a known solution of N/50 KCl. This ratio is 
used for placing the result obtained for the unknown solution upon a 
comparable basis. 

The reaction of the soil is a very important factor both in ease of the 
microorganisms and of the plants. Many times the solution is so col- 
ored that it is impossible to use an indicator. The solutions are titrated 
by the conductivity method. On account of the difficulty of determining 
the exact neutral point of the ammonium citrate solution by the regular 
method, Hall and Bell', and Patten and Robinson* independently applied 
the conductivity method as a more accurate means of its determination, 
while Kiister and Griiter* used this method for finding the end point of 
a mixture of weak acids and bases and also in colored liquids where it 
was impossible to use indicators. 
~ iffall, R. A. and Bell, J. M. Physical Properties of Aqueous Solutions Containing Am- 
monia and Citric Acid. Jour. Am. Chem. Soc. 33, pp. 711-8. 1911. 

*Patten, A. J. and Robinson, C. 8S. Neutral Ammonium Citrate Solution. Tech. Bul. No. 
12, Mich. Agr. Expt. Sta., 1912. 


®Kiister, F. W. and Griiter, Max. Ueber_ die Westlegung des Neutralisation Pui durch 
Leitfiihigkeitamessung. 2. Anorg. Chem. 35, p. 454, 1903. 
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In Table V it should be noted, that 18a, of A as described above was 
a secondary extraction (p. 515). Since a part of the solution was re- 
moved in the first extraction, the results of the second one show a slight 
lowering in the figures with one or two exceptions but these differences 
are not marked. 

A comparison is also made of the small and large cylinders with the 
various types of soils. Soils Nos. 27, 28 and 29 of A were from the same 
source but taken at different times, ‘similarly those of B, E and F were 
likewise so taken. 3 and 5a were the same at the start but the moistures 
of the separate portions were made up at different times. The others 
were obtained at different places. ; 

Taken on the whole the extracts from the two cylinders agree quite 
closely in nearly all of the determinations. In some the results are 
closer than those in others. A change in specific gravity produced sim- 
ilar change in specific conductivity and total solids. The change was 
not so raarked in the osmotic pressure or the depression of freezing point 
on account of a closer reading not being made. Solution 2a of Soil 27 

was the portion that came with the oil “later. The osmotic pressure in 
these cases varied in a similar manner as specific gravity, but for some 
reason or other the total solids were higher. 

In the same types of solids, the increase in moisture content causes a 
decrease in total solids in parts per million. This is noticed in A, B 
and ©. The soils in E were taken from a depression where washings from 
a sandy loam were deposited, and were taken at different points. These 
facts may explain why the concentration of its extractions did not fol- 
low the above rule. The peat samples also were obtained from two en- 
tirely different places. No. 22 contained some washings from the sur- 
rounding knolls. 

In comparing the results procured from similar soils having different 
moisture contents, it should be noted that their total solids and also 
inorganic matter are in a general way inversely proportional to their 
moisture contents. In most of the cases illustrating the above state- 
ment, the ratios are not close due to the fact that the soils were not por- 
tions of the same sample and were taken at different times. It is a well 
known fact that samples taken will vary somewhat in the analytical re- 
sults. From the entire table, it may be concluded that the concentration 
of the soil solution varies according to its moisture content. If the mois- 
ure content increases, the parts per million of the salts in solution de- 
creases. This does not bear out the conclusions of Whitney and Cameron’. 
They say that “while some variations occur in the composition and con- 
centration of the soil solution, in the case of the great majority of cul- 
tivable soils their variations are within comparatively narrow limits. 
The nature of the solution is but seldom permanently affected by the 
addition of ordinary mineral fertilizers and it seems safe to say there- 
fore, the concentration with respect to the mineral plant food constit- ~ 
uents per unit of solution is approximately constant. Considering the 
wide variations in the percentages of water present in different soils, 
however, the amounts of dissolved plant foods in them may be quite dif- 
ferent.” 


1Whitney, M. and Cameron, F. K. The Chemistry of the Soil as related to Crop Pro- 
duction. Bul. 22, Bur. of Soils, U. 8. Dept. of Agri. (1903 ) p. 63-4. 
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TABLE VI.—PHYSICAL ANALYSES OF DIFFERENT PORTIONS OF SOLUTIONS FROM 
THE SAME SOIL. 


Fine sandy soil (subsoil). 


| | Parts per million of 
; i | < | z solution. 
Laboratory Total M. : mount Sp. Sp. 
aie in soil. Portion. | extracted. | Gravity. | Conduct. | —-- 
| | 
| T.S I. M. O: M 
| | 
Be wlike Sage ose A eS oes ie Gate ect rac 538 c. c. | 1.000607 | 0.000863 1260 440 820 
ee ea Sash alas Pci chal et OOKCS Ce 1.000528 | 0.000889 1090 450 640 
Pala] Aes een 445 ¢.c. | 1.000509 | 0.009901 790 340 450 
52 eset eke 4......| 167c¢.c. | 1.000528 | 0.000928 960 600 360 
Total and aver.| er EE ECL eS | 1600 c. c., 1.00056 0.000887 933 432 501 
| 
34 II. | Rs Ae ROR es tebe | 545¢.c¢ 1.000607 | 0.000916 1100 660 440 
ees BOR aaah Wer ses) OLE 1.000490 | 0.000916 1280 420 860 
| Pia Pe eR 3 Bae eth 530 ¢c. ¢€ 1.000528 | 0.000920 900 390 510 
| S828 1c 4eeene 540 c. ¢ 1.000560 | 0.000904 880 540 340 
3 MRS Nera WGinS eA el) aU Cae 1.000512 | 0.000901 780 490 290 
De at Scere Ges: PATER KS 1.000450 | 0.000904 790 550 240 
pie oneal ieee ae LOOG AG 1.000560 | 0.000924 740 450 290 
Pot aban crew Els |uecrs« cit sie |ts.o% ere 2785 ¢c.c. | 1.00054 | 0.000913 981 507 ATA 
| | | 
Fine sandy soil (surface). 
| | | 
Sons 903th Lae oe 212 ¢.c. | 1.00010 0.000238 380 280 | 100 
Ret ware t Pes: Pie aes ral) 9 MOS Ca; | 1.09022 0.000255 | 440 300 © 140 
| | | | 
Motalandbaver.|. 428: cr. els wee eee 315 c¢.c. | 1.00017 0.000254 | 399 286 | 113 
Sion! (i rie ae TAN oan ok ae 200 c.c 1.00018 0.000257 440 300 | 140 
PAR ZES 2 ee 220 c.c. | 1.00010 0.000246 | 350 240 | 110 
RES yee oe ee 95c.c¢. | 1.00020 0.000274 | 430 330 | 100 
/ | | 
PROC all MGA Veal oe aay vase sia iese re Ques oxe 515c¢.c. | 1.00015 0.000257 | 400 280 | 120 


I Small cylinder. 
II Large cylinder. 


In the above two soils, successive portions of the solutions were ex- 
amined as shown in Table VI. It will be noted that the successive por- 
tions do not vary much in specific gravity or specific conductivity, but 
there is a slight decrease in total solids in Soil 34, while those in Soil 35 
remain about the same. The difference here is more in the organic mat- 
ter (loss in ignition) than in the inorganic matter. This would indicate 
that part of the total solids was adsorbed. The first portions came from 
the lower part of the cylinder and the last portion from the upper layers. 
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Chemical. 

The mineral constituents studied were those that were of some use to 
the plant as K, PO,, Ca, (Mg in later determinations) and N in the forms 
of ammonia, nitrite and nitrates. The results are given both as parts 
per million (p.p.m.) of the solution and of oven dried soil. As the soil 
varied in moisture content, the latter puts the results on a more com- 
parable basis. 

The above nutrients were determined by the method as found in Bul- 
letin 31, Bureau of Soils, for colorimetric work. IT inding it difficult to 
obtain good results for calcium by this method, gravimetric determina- 
tions of calcium and magnesium were then made according to Bulletin 
107, (pp. 15-16) Bureau of Chemistry. The phosphoric acid (PO,) with 
a few exceptions is not high. Most of the results lie between one and 
five parts per million on oven dried soil. The potash (ix) has a wider 
variance than that of phosphoric acid. The calcium and magnesium 
vary considerably in the different soils, due to the treatment and reac- 
tion of the soil. 

The nitrogen varies, but this is to be expected since it is a more 
changeable quantity. The solutions from the same soil extracted at the 
same time, one from a small cylinder and the other from the larger one, 
agree fairly well in most of the cases in total nitrogen (sum of the dif- 
ferent kinds), whereas they may vary in the ammoniacal nitrate or nitrate 
nitrogen. This is due probably to denitrification taking place in the cylin- 
ders during the extractions. This was noted in an extraction of a sandy 
soil. No. 32 of B. No nitrite was found in the solution from the small 
cylinder and only a trace in the larger one, but the portions that came 
with oil afterwards showed marked amount of nitrogen present as nit- 
rite. This Jed to the analyzing of successive portions. 


TABLE VIII.—NITROGEN DETERMINATION OF DIFFERENT PORTIONS OF THE SAME 
SOIL. 


Amount of N. in various portions of extractions of a sandy soil, 


| 
| Parts per million of soil solution. 
| 
Laboratory number. Portion. Nitrogen as 
| 
Nha. Noz. Nos. Total N. 
34 I. 1 1.5528 Trace. 1.6875 3.2403 
2 1.5528 0.0108 1.5000 3.0636 
3 1.2930 0.0430 1.4800 2.8160 
4 1.5528 0.1000 1.2300 2.8828 
34 II. 1 1.5528 | mere trace. 1.712 3.264 
2 1.5528 | slight trace. 1.514 3.066 
| 3 1.5528 | slight trace. 1.406 2.958 
4 1.5528 0.015 1.334 2.901 
5 1.5528 0.055 1.125 2.732 
| 6 1.0352 0.100 1.044 2.179 
| f. 1.3860. 0.239 0.868 2.493 
35 I 1 0.5127 0.0110 0.3438 0.8675 
| 2 O27 L7 0.0291 0.3375 0.6383 
35. ID. | 1 0.5435 0.0062 0.3438 0.8935 
2 0.2929 0.0107 0.3938 0.6984 
| 3 0.2717 0.0112 0.4183 0.7012 


I Small cylinder. 
II Large cylinder. 
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In Table VIII it will be noted in Soil 54 that the nitrogen as ammonia 
remains the same with one or two exceptions, but in Soil 35 there is a 
decrease. In all cases the nitrogen as nitrite increased while the nitrate 
decreased, with the exception of 35 IIT where it increased. The change in 
this case was between ammoniacal nitrogen and nitrate nitrogen. In 
nearly all cases there was a very slight decrease in the total nitrogen 
(sum of the different forms of nitrogen) in the successive portions of 
soil solution. 


Biological. 

Only a very small percentage of the bacteria are removed from the 
soil since the soil in the cylinder acts as a filter in holding back most of 
the suspended substances. The soil acts on the same principle as a filter 
bed in a water purification plant. If the cylinders are allowed to stand 
too long a very marked anaerobic decomposition takes place which is 
quite marked in clay soils or those with considerable organic matter as 
evidenced by the disagreeable odor given off. In Table VIII there will 
be noted a slight denitrification,—less nitrates and more nitrites. This 
is especially true in 34 I and II, and 35 I. 

This soil solution is now being used in connection with the study of 
the microbial decomposition of nitrogenous compounds in the soil. 
Favorable progress has been made. Mr. O. M. Gruzit, in this laboratory, 
has used the soil solution to study the effect of some acids, alkalis and 
inorganic salts upon soil bacteria and has found some interesting re- 
sults. A report on the results of these investigations is now being 
prepared for publication. 


SUMMARY. 


Soil solution is a homogeneous mixture of water (solvent) and the 
soluble ingredients of the soil (solutes. ) 

The water itself does not bring into solution all the solutes it contains 
without the aid of some of the substances that have been already dis- 
solved. a 

The study of the soil solution is of a great importance because this 
solution plays an important role in soil changes or transformations, and 
because it furnishes a medium for plant and microbial growth. 

Drainage waters contain too much of some ingredients and too little 
of others to give any. definite information as to the soil requirements. 

Soil extracts contain more of some ingredients, and also other ingre- 
dients, than are generally present in the natural soil solution readily 
available for the plant. This is due to the action of the acids, water, 
etc., used in making the extracts. 

~The artificial root is applicable to those soils of high moisture con- 
tent and furnishes only a small amount of solution. 

The centrifuge does not furnish sufficient amount of solution for any 
extensive study. 

Schloesing’s and also Gola’s method are not applicable to soils having 
a low moisture content, while Istcherikov’s method can be applied to 
soils of low moisture content, but is objectionable because alcohol has a 
solvent action on some of the soil particles. 
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A thick viscous cylinder oil was used in making the extractions. 

The paraffin oil pressure method furnishes in most cases plenty of 
solution for the necessary analytical work. In sandy soils as high as 
74 per cent of the moisture present in the soil was obtained. 

A large amount of solution may be obtained without coming in con- 
tact with- the oil. If it does it can be easily separated by cooling and 
separatory funnel. 

The concentration of the soil solution from the same type of soil varies 
according to the moisture content of that soil from which it is derived. 

Successive portions of the same extraction vary very little in their 
physical properties, but do more in the various forms of nitrogen. 

The forms of nitrogen vary in the different solutions, since they are 
changeable quantities. Calcium and magnesium also vary due to the 
treatment and reaction of the soil. The phosphoric acid (PO,) is fairly 
constant. Potash (K) varies somewhat. 

A small percentage of the bacteria are removed from the soil, since 
the soil acts as a filter. 

Anaerobic changes take place in the cylinder if it is allowed to stand 
for a long time. 

The paraffin oil displacement-pressure method furnishes as far as we 
are able to judge with our present facilities, a fair representative of the 
solution as it exists in the soil. The method permits the use of a large 
amount of soil thus a better representative sample. Work now in 
progress indicates that it furnishes a valuable index of the microbial 
changes in the soil. 


POSSIBILITIES AND LIMITATIONS. 


The soil solution is important from the plant physiologist’s point of 
view for the study of plant nutrients and balanced solutions. It opens a 
field for the soil chemist and physicist for the study of some of the soil 
conditions,—e. g., composition and concentration of the liquid phase 
of the soil. To the soil bacteriologist it is important for the study of 
microbial changes that take place in the soil, the filterable microorgan- 
isms in the soil and of pathogenic microorganisms that may live in the 
soil. 

The method has its limitations in that the oil does not penetrate all 
soils and, therefore, does not give all the soil solution that might be 
otherwise obtained. 

The amount of solution obtainable depends upon the moisture content 
of the soil and upon the type of soil. The greater the moisture content, 
the greater the amount of solution that can be obtained from the various 
samples of similar soils. From samples of dissimilar soils having equal 
moisture content, the proportion of the total moisture removable varies 
with the soil type, the largest percentage being obtainable from sandy 
soils and the smallest from clay soils. 

The method is still open for improvement. Certain phases of it need 
further study, as the type of cylinder, displacing liquid, and the method 
of packing the soil in the cylinder. 

Type of cylinder—The size of the cylinder is important in obtaining 
the best results as has been shown with a few extractions described 
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above. The effect of the diameter in proportion to its length is worthy of 
consideration. 

Displacing liquid—Some other liquid might be found that will pen- 
etrate all soils and still have no action upon the solution chemically or 
physically. 

Packing—Some method needs to be devised that will give a more 
uniform packing so that the displacing liquid will give better results. 


APPENDIX. 


Table of Osmotic pressures in atmospheres for depression of the freezing point to 2.999°C. Harris 
and Gortner)!. 


Hundredths of degrees, centigrade. 
0 1 2 3 4 5. 6 7 8 9 
0.0 0.000 0.121 0.241 0.362 0.482 0.603 0.724 0.844 0.965 1.085 
0.1 1.206 1.327 1.447 1.568 1.688 1.809 1.930 2.050 PAS TUE 2.291 
0.2 2.412 2.532 2.652 2.772 2.893 3.014 3.134 3.255 3.375 3.496 
0.3 3.616 3.737 3.857 3.978 4.098 4.219 4.339 4.459 | 4.580 4.700 
0.4 4.821 4.941 5.062 5.182 5.302 5.423 5.543 5.664 | 5.784 5.904 
1 
0.5 6.025 6.145 6.266 6.386 6.506 6.627 6.747 6.867 6.988 7.108 
0.6 7.229 7.349 7.469 7.590 Tet 7.830 7.951 8.071 8.191 8.312 
One 8.432 $2552, | 8.672 8.793 8.913 9.033 9.154 9.274 9.394 9.514 
0.8 9.635 9.755 9.875 9.995 | 10.12 10.24 10.36 10.48 10.60 10.72 
0.9 | 10.84 10.96 11.08 11.20 11.32 11.44 11.56 11.68 11.80 11.92 
L205" 12204 12.16 12.28 12.40 12.52 12.64 IQE(Or all 2288 13.00 13.12 
1.1 | 18.24 13.36 13.48 13.60 13.72 13.84 13.96 | 14.08 14.20 14.32 
1.2 | 14.44 14.56 14.68 14.80 14.92 15.04 15.16 15.28 15.40 15.52 
1.3 | 15.64 15.76 15.88 16.00 16.12 16.24 16.36 16.48 16.60 16.72 
1.4 | 16.84 16.96 17.08 17.20 17.32 17.44 17.56 | 17.68 17.80 17.92 
1.5 | 18.04 18.16 18.28 18.40 18.52 18.64 18.76 | 18.88 19.00 19.12 
1.6 | 19.24 19.36 19.48 19.60 19.72 19.84 19.96 20.08 20.20 20.32 
1.7 | 20.44 20.56 20.68 20.80 20.92 21.04 21.16 21.28 21.40 21.52 
1.8 | 21.64 2k 21.88 22.00 22.12 22.24 22.36 22.48 22.60 22.72 
1.9 | 22.84 22.96 23.08 23.20 23.32 23.44 23.56 23.68 23.80 23.92 
2.0 | 24.04 24.16 24.28 24.40 24.52 24.63 24.75 24.87 24.99 Zoe lik 
2.1) 25.23 25.35 25.47 25.59 2501 25.83 | 25.95 26.07 26.19 26.31 
2.2 | 26.43 26.55 26.67 26.79 26.91 27.03 2415 27.20 27.39 27.51 
2.3 | 27.63 27.75 27.87 27.99 28.11 28.23 28.34 28.46 28.58 28.70 
2.4 | 28.82 28.94 29.09 | 29.18 29.30 29.42 | 29.54 29.66 29.78 29.90 
2.5 | 30.02 30.14 30.26 30.38 30.50 30.62 | 30.74 | 30.86 30.88 31.09 
2.6 | 31-21 31.33 31.45 31.57 31.69 31.81 | 31.93 | 32.05 32.17 32.29 
2.7 | 32.41 32.53 32.65 32.77 32.89 33.00 | 33.13 33.25 33.36 33.48 
2.8 | 33.60 33.72 33.84 33.96 34.08 34.20 | 34.31 | 34.43 34.56 34.68 
2.9 | 34.79 34.91 35.04 35.16 35.27 35.39 | 35.51 | 35.63 35.75 35.87 


1Harris and Gortner. American Journal of Botany, I, 75-78. 


ACKNOWLEDGMENTS. 


The author wishes to thank Prof. Ward Giltner for his kindly sug- 
gestions in carrying out this work and in preparing the manuscript for 
this bulletin. He is also grateful to Messrs. R. J. Trebilcock, M. I. 
Wolkoff, P. E. Karraker, G. Patch, and O. M. Gruzit for many of the 
determinations used in this article; to Mr. Gruzit also for the transla- 
tion of the Russian articles used in the preparation of this bulletin and 
to Mr. L. J. Krakover for drawing of Fig. 1. 

67 


530 STATE BOARD OF AGRICULTURE. 


FOREWORD. 


TECHNICAL BULLETIN NO. 29. 


The results herein recorded are based on the data that were presented 
by the junior author in 1915 as a portion of a thesis for the degree of 
Master of Science at this institution. The senior author is responsible 
for directing the work and for preparing the results for publication. 
These studies form a part of the general attack on the subject of “Keep- 
ing Qualities of Butter” which has been under investigation for a num- 
ber of years and is still being considered in this laboratory. 


WARD GILTNER. 
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KEEPING QUALITIES OF BUTTER. 


IV. CREAM RIPENING AND ITS INFLUENCE. (CONTRIBUTION). 


BACTERIA IN CREAM, THEIR NUMBERS AND TYPES AND THEIR ITINERARY IN 
THE MANUFACTURE OF BUTTER. 


CHAS. W. BROWN AND KURT PEISER. 


INTRODUCTION. 


Modern students of butter constantly are paying more attention to the 
methods of handling and to the condition of the raw products, the milk 
and the cream prior to its receipt at the creamery, as influencing 
markedly or even predetermining the quality and life of the butter. 
Cream produced under the usual conditions frequently contains a large 
number of bacteria which comprise a number of species from various 
sources. Many of these species find conditions favorable for growth and 
as a result multiply more or less rapidly. By far the larger number of 
the bacteria in milk are admitted from external sources and it is due to 
the presence and growth of these that milk is caused to change in taste 
and odor and to undergo the processes of souring and decomposition. A 
large number of each of the different types present in the milk is carried 
over with the cream during separation. Many of these types cause the 
same changes in cream as in milk, some discriminate and others are in- 
different. The difficulties and problems involved in the handling of 
cream for the manufacture of butter are so numerous and complex that 
a uniformity in the finished product is not easily attained. Creamery- 
men realize that butter of the best quality cannot be made from cream 
that is produced under unsanitary and neglectful conditions. The de- 
struction of the natural, sweet, rich flavor of cream through the care- 
lessness of the producer and through the neglect of the cream is mani- 
fest in the butter. 


PURPOSE. 


This paper deals with the bacteria in cream relative to the numerical 
count and prevailing types and traces these types through the different 
steps in the manufacture of butter. 
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or 
a) 
bo 


LITERATURE REVIEW. 


In this review we have in mind the source and number of microor- 
ganisms in cream and butter and their effect upon these products. The 
microorganisms of milk are the microorganisms of cream. That the bac- 
teria in milk are concentrated in the cream during their passage through 
the separator is expressed by Stocking on page 318 of Marshall’s Micro- 
biology; the same has been demonstrated by the work of this laboratory. 
This indicates that the types of organisms present in the milk are also 
present in the separated cream. Evans (4) states that Bact. abortus is 
an organism infecting cream and that in whole milk an abundant growth 
occurs in the cream layer. The first possible source of bacteria in milk 
is from the interior of the udder. Harding and Wilson (6) state that 
an average of 500 bacteria per c.c. can be ascribed as being in the milk 
when it is drawn. They find, in their study of fifteen udders,.71 groups 
of miscoorganisms which are mostly micrococci. The most common or- 
ganisms of the udder were found to be Micrococcus lactis albidus and 
Micrococcus lactis varians. In one udder a non-liquefying yeast was 
found in rather large numbers. About 30 per cent of these types of 
microorganisms are slow liquefiers and the greater number of the re- 
mainder are indifferent to milk. Hastings and Hoffman (8) found in 
the milk of two cows throughout the lactation periods an average of 
38,800 and of 30,700 bacteria per cubic centimeter respectively. These 
organisms were streptococci, very similar in cultural and biochemical 
features to Streptococcus pyogenes, yet no gargety condition of the udder 
was present during these investigations. These authors conclude that 
the same organism may not only persist in the udder of a cow for long 
periods but may be present constantly in large numbers. Esten and 
Mason (8) made a bacterial study of material such as “curry powder,” 
cow feces, hay, grass, ground feeds, soil, barn air, flies, ete, 
which might gain access to milk thus forming a source of contami- 
nation. On all of these materials microorganisms comprising a number 
of types were found. Many of these from marked changes in milk and 
in the products obtained and manufactured therefrom. In studying the 
source of Bact. lactis acidi Esten (2) concludes that the cow’s mouth is 
a natural habitat and that any object or material reached by the tongue 
or saliva of the cow is well stocked with this bacterium. From these 
various materials it enters milk where it is found almost constantly. 
Occasionally this bacterium is found in the udder (3, p. 78), the pres- 
ence of which can be accounted for in many cases by the contamination 
of the teats with the saliva of a suckling calf (6, p. 38). Bact. lactis 
acidi not being influenced by the germicidal properties of milk (15, pp. 
15 and 20) increase in numbers from the very start. Gas producing bac- 
teria, normal inhabitants of the alimentary tract, may be found in large 
numbers on objects and materials which have been contaminated with 
fecal matter. In a few instances members of this group of organisms 
have been found in the udder (7, p. 3). From these sources, directly or 
indirectly, nearly all milk is well supplied with gas producing bacteria ‘ 
(7, p. 2) which multiply rapidly. Lewis and Wright (9, pp. 8-9) found 
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that in summer a large percentage of the samples of cream analyzed 
contained as many as 100,000 gas producing bacteria per cubic centi- 
meter. By inoculating pasteurized cream with gas producing bacteria, 
Harrison (7, p. 7) observes that the butter had a bitter, disagreeable 
and astringent flavor and concludes that these organisms are as injuri- 
ous to the flavor of butter as they are to the flavor of cheese. The group 
of anaerobic sporebearing gas producers (B. enteritidis sporogenes,) 
or B. welchii) which are interesting because they sometimes cause intesti- 
nal disturbances and are indicators of manurial pollution, are found to 
be present in small numbers in milk and cream, but from the work of 
Rosenau, Frost and Bryant (13), enteritidis spores are not found in butter 
although their presence in the cream was demonstrated. Liquefying bac- 
teria which are numerous in soil and on feeds (3) find their way in large 
numbers into milk (15, p. 18) and from thence to cream (9, pp. 10 and 
11). Ayers and Johnson (1, p. 59) find that the relative proportion of 
the groups of peptonizing and lactic acid bacteria is approximately the 
same in efficiency pasteurized milk as it is in clean raw milk; the percent- 
age of liquefiers (1, pp. 79-82 and 90-92) range about 5 to 25 per cent, and 
of the acid producers about 30 to 70 per cent of the total flora. For con- 
tinuous pasteurization of cream a temperature between 74° C. and 80° 
C. is recommended by Rogers, Berg and Davis (11, pp. 310 and 526) who 
show that from 99.7 per cent to 99.9 percent of the total flora is killed. 
Also they conclude from their results that the catalase and the lipase in 
milk are destroyed at 70° C., peroxidase at 77° C. and that galactase is 
not destroyed at 93° C. Data given by Rogers, Berg, Potteiger and 
Davis (12, p. 33) show the number of bacteria in cream from a skim- 
ming station to be approximately 50,000,000 per cubic centimeter which 
they group as acid formers about 26.5 percent, as alkali formers about 
4 percent, as peptonizers about 6.5 percent and as inert about 55 
percent. The total number of microorgaisms in sour cream as 
it arrived at the creamery was found by Hammer (5, pp. 37-40) 
to be in the hundred millions; and pasteurization at 63° C. for 20 minutes 
and at 85° C. by the flash method gives approximately the same results, 
i. e., 99.99 percent efficiency. As a result of a series of analyses by Sayer, 
Rahn, and Farrand (14, pp. 28-45) various types of microorganisms are 
found in butter; Bact. lactis acidi was omnipresent, a small irregular 
yeast was present in most samples and Micrococcus lactis varians, an 
organism present in many udders, was. found frequently. Rahn, Brown 
and Smith (10, pp. 35-40) gives data showing that liquefying and non- 
liquefying torulae and Odspora lactis (Oidium) are present in butter 
frequently and sometimes in rather large numbers. 

While the literature cited on this subject is by no means exhaustive 
and while it is admitted that other data fully as conclusive have not been 
mentioned, yet it is believed that this review will serve amply as an in- 
troduction to the subject. 
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INVESTIGATIONAL WORK. 


This work was carried out under commercial conditions and the data 
should represent the numerical numbers of bacteria and include the 
most prevalent types of organisms present at different stages in the 
manufacture of butter. 

METHODS. 


Source of Cream. Cream was obtained from dairymen in the vicinity 
of the College. 

Taking Samples. Samples (about 50 ce. each) of cream, pasteurized 
cream, starter, ripened cream and buttermilk, were taken with sterile 
pipettes and introduced into sterile 100 cc. Erlenmeyer flasks. Analyses 
of these samples were made immediately after collection. Four sam- 
ples of butter (about 100 grams each), one before. washing and salting 
and three when tke butter was ready to tub, were taken from the churn 
under aseptic conditions and placed in sterile deep culture dishes. The 
sample taken before salting and one of the samples taken after were 
analyzed at once, the other two were stored at 40° to 45° F. in a dark 
room and examined after seyen days and one month respectively. 

Bacterial Content and Isolation. In all steps except those concerning 
butter, 1 cc. of the medium was added to 99 ce. of sterile physiological 
salt solution. The mixture then was shaken and other dilutions made 
by introducing 1 cc. of this into another 99 ce. of sterile salt solution. 
Dilutions of 1:1,000, 1:10,000, 1:100,000 and 1:1,000,000 were then plated 
in litmus lactose agar and duplicate dilutions in casein agar. But- 
ter was introduced into a small Erlenmeyer flask and placed in a water 
bath at 35° C. until the butter had softened, then the flask was shaken 
to insure uniformity. One gram (1.15 ¢.c.) was measured by means of 
a sterile pipette and introduced into 99 ¢.c. of warm (35° to 40° C.) 
sterile salt solution. This was shaken to a milky emulsion and higher 
dilutions were made as aboye. Samples were plated in litmus lactose 
agar and in casein agar, the same dilutions were used as for cream. 
All plates were incubated at 20° to 22° ©. After bacterial counts were 
recorded many of the organisms were isolated and transferred from the 
agar plates to sterile nutrient bouillon. 

Litmus lactose agar used for plating was made according to the 
rules adopted for nutrient agar by the Committee on Standard ‘methods 
(Jour. Inf. Dis. Suppl. No. i 1905) to which 1 percent lactose and 0.003 
percent azolitmin was added. 

Casein agar was made up according to the formula given by S. H. 
Ayers in the 28th Annual Report of the Bureau of Animal Industry. 

Peroxidase. The presence of peroxidase was determined by the gum 
guaiac test. A tincture of guaiae was made by dissolving a little of the 
powdered resin in alcohol. “About 10 c.c. of the sample was placed in a 
test tube shaken with a few drops of hydrogen peroxide, then two drops 
of guaiac tincture were allowed to run down the sides of the tube coming 
in contact with the sample but not being mixed with it. The appear- 
ance of a blue ring within a few minutes is considered positive for 
peroxidase. 

Reductase. The presence of reductase was determined by adding 1 
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c.c. of Schardinger’s solution (190 ¢.c. of distilled water, 5 ¢.c. formalin 
and 5 ce. of saturated alcoholic methylene blue) to 10 c.c. of the medium 
to be tested, the reagent and milk were shaken to mix uniformly and 
placed in a waterbath at 37° C. for half an hour. Decolorization of the 
methylene is recorded as reductase positive. 

Moisture. The moisture was determined by heating 10 gms. of butter 
in an aluminum cup according to the Ames test. The sample was re- 
weighed and the percent of moisture obtained by multiplying the loss in 
weight by 10. 

Salt. The amount of salt was determined by a slight modification of 
the Shaw test, the silver nitrate reagent is of such strength that 1 c.e. 
represent 0.001 grm. of salt or 0.1 percent when a 1 gm. sample is used, 
potassium chromate is used as an indicator. 

Acidity. This determination was made by diluting 10 c.c. of the sam- 
ple with distilled water and titrating with N/10 NaOH (the samples of 
butter were dissolved in a mixture of equal parts of alcohol and ether 
and not diluted with distilled water (See 10, p. 12) and recorded as 
cubie centimeters of N/10 acid per 100 grms. 

Fat. The percent of fat present was determined by the Babcock test. 

Spores of anaerobic gas producers. The presence of spores of anaero- 
bie gas-producers was tested for in every step of butter manufacture in 
the following way: the medium to be examined was placed in sterile 
test tubes; 1 c.c. in the first, 4 ¢.c. in the second, 8 ¢.c. in the third and 
12 cc. in the fourth tube. Enough sterile milk was added to the first 
three tubes to make the contents of each approximately 12 cc. The 
tubes were heated in a water bath at 80° C. for ten minutes, cooled and 
the medium covered with one-half to three-quarters of an inch of sterile 
liquid paraffin to exclude the air. The tubes were incubated at 37° C. 
for two days. An abundant production of gas, the cream being disturbed 
and often thrown to the surface of the paraffin oil and coagulated masses 
of casein were recorded positive for spores of this group. 

Coli-acrogenes group. The presence of this group was determined by 
the inverted vial method, 1 c.c., 0.5 cc., dilutions of 1:10, 1:100, and 
1:1,000 of the sample was used. The production of gas in dextrose broth 
was considered positive. No attempt was made in this work to deter- 
mine the presence of yeasts. 

Peptonizers. To determine the number of peptonizing microorgan- 
isms (colonies), the casein agar plates, after counts were recorded, were 
flooded with N/10 lactic acid. The action of the lactic acid is to precip- 
itate the dissolved casein which produces an opaque, white medium with 
the exception of a clear zone around the colonies which have hydrolyzed 
the casein. Colonies surrounded by a clear zone and thus set off from 
the rest of the solid white medium are considered peptonizers. 

Acid Organisms. The lactic acid bacteria were determined by direct 
count on litmus lactose agar plates. They form either a distinct boat- 
shaped or a round colony which is small and of a distinct pinkish-red 
color. This does not include members of the coli-aerogenes or of the bul- 
garicum group. No attempt was made to determine the numbers of 
Bact. bulgaricum present in cream or butter. 

Inert and Indifferent Organisms. Every microorganism that made a 
visible colony on either the litmus lactose agar or the casein agar and 
that was not counted as a gas-producer, as a peptonizer or as an acid- 
producer is grouped under this head. 
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TABLE I—DATA OBTAINED FROM TWELVE CHURNINGS. 


(Including cream, starter, buttermilk and butter.) 


Number of churning. 


Sample. 
a yy a 4, 5. 6. 7. 8. 9. 10. 11. 
Butterfat and salt (percent): 
Crean ts cae cee eae 31.5} (3623) 13221) 30027-3322) 290! 27-4) (232-5, | sie 2 sone oles: 
Butber steric eee caer tee ae 828) | Nee | On| more esO Ll somal asl twas cr ie soe oie tO O in heme 
Moisture (percent): | 
Butter (unwashed)............. 14.1 | 13.9 | 14.6 | 15.2 | 143 | 14.6 | 14.2 | 14.38 | 15.1 | 14.4 | 14.6 
Butter ees. pie ee ee teea ie 14.1 | 14.3 | 14.9 | 14.2 | 14.6 | 15.1) 14.3) 14.1 | 14.6 | 14.9) 1407 
Butters (MASVE) baw ct 22 Sete 14.0 | 14.2 }. 14.7 | 14.1 | 14:4 | 14.9 | 14:1 | 13.9 | 14.2 | 14-1 | 15%5 
Butter (s0'days)2s. sce kee ee 14:0 | 14.1) 14.7}. 14.0) 14262) 1550) | 14.10 | 1400) 14 ae aes 
Acidity (percent of N-10 acid): 
Creams tee ok ect et oe ae ees 52 49 Gil tS} 47 49 53 48 51 49 51 
Pastelrizediereams; 06. 255.0/0+- 51 47 50 52 46 47 51 47 50 47 50 
Startetiie:cosc cee nek aes i 69 74 72 68 69 71 73 68 71 72 
Ripened/ cream, -/-%..214:.-e enews 53 54 59 53 51 56 49 57 52 58 56 
Buitermilke:s anne cee ese 67 65 71 65 66 67 64 69 67 69 63 
Butter (unwashed).............| 20.0 | 20.1 | 20.3 | 19.2 | 20.2 | 19.8 | 21.0 | 20.6 | 20.0 | 20.3 | 20.6 
Butter pense Ae eo come ene 2120452001 }-2153' || 20:6. | 2027 \/21-2) 19285] 20) 401822700 a1 On 20s: 
Butter (iidaysncoec. 2 cance ee 20.9 | 20:.0)) 21.3 | 20.5 | 207°) 20-2 | 19.8 | 21.7 | 22.0) 21307220 
Putter, (BO days) metus tere de oe 20:9 | 200)) 21.3) | 2027 | 20:8) 21-2 |, 1958) |) 212411220) 20k eS 20NG: 
Bacterial count on litmus lactcse 
agar. (Numbers represent mil- 
lions per gram): 
Greamrepes seater ees an aeet 3,540*/4,930*|3,643*/4, 140*|3 ,810*|2,941*/4, 103*|2,714*|3,213*)2,914*13 ,425* 
Pasteurized cream..........+.1- cep (ele iE inka Vek 7Gh. 79%) 28051 16451 il eee re 
ObAulenyy vate ceemeo reer 1,927 |1,132 |1,324 | 964 |1,743 )1,541 |1,231 |1,719 |1,427 {1,312 |1,248 
Rapened|cresiniy A) ees ee or 439 | 571 | 490 | 563 | 714] 4389 | 532 | 621 | 592) 466) 512 
LB VIRA CoD es, epee eee eee So 452 | 531 | 476 | 431 | 336] 5381 | 446 | 571 | 382) 361 | 324 
Butter (unwashed)............. 146 | 121 96 | 156} 143 | 132 87 | 198 | 137 | 124] 73 
Buttensa1sceee eee Bree 56 63 71 52 46 61 59 67 54 49 61 
Butter (/idavs) sclo.ceeect teas Adial= AT 46 35 32 44 31 52 43 41 51 
Butter G0idays)/jo=. setae re 29 31 19 14 27 21 23 24 29 34 38 
Bacterial count on casein agar. 
(Numbers represent millions 
per gram): 
@ream ia aor et, ene one 3, 124*13 ,982*/3 ,234*/3.742*|3,712*|3,713*|3,614*|3, 144*|3, 712*|3, 214* 
Pasteurized cream.............. 86*| 63") 9 74*) 274"), 62") 6981, | 17451) 0c) 69% Gb) eas: 
Starter A atic eos cero 1,324 | 962 |1,431 |1,241 |1,322 |1,124 | 926 |1,421 |1,131 |1,024 | 981 
Ripened cream! a3, chee hese 421 | 527 | 463 | 541 | 702 | 511} €63) 581 | 526 | 502 ) 582 
Buttermilicrex. motte eek ce aeons 391 | 476) 512) 476) 391 | 482] 461} 496 | 432] 412) 386 
Butter (unwashed)............. A234. | Situated 114} 152} 119] 174, 168} 146] 124 
Butter..." 0. oe re eee 47 56 63 44 51 57 54 64 52 51 54 
Buttera(? days). semacrcmees coe 41 32 43 31 37 41 29 45 39 29 48 
BULteri(SO'days) eaenne cae eeriee 27 28 21 13 32 19 31 21 23 29 34 
| | 
Bact. lactis acidi type. (Percent of 
total flora): 
(ChE a ae eS Ae anon bere BaCeor 32 29 31 32 27 34 29 31 35 32 31 
Pasteurized cream..:........... 48 51 62 53 48 56 43 49 52 47 54 
Ripenedereamspierets osicster tethers 96 98 97 95 96 97 95 98 96 95 97 
Buthermiliesn sc here heeenoneeees 81 83 74 71 86 81 76 84 63 85 71 
Butter (unwashed).............. 69 64 78 83 81 79 69 71 87 76 64 
JeiTi feos poets SO aR meas Oe 74 78 81 72 74 79 74 63 81 72 84 
Butter (7 days). =... Ene 67 61 68 65 63 59 68 63 64 78 62 
Butter (S0dAyS) yess. «ase ee 62 54 58 64 72 51 63 57 51 5 59 
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TABLE I—DATA OBTAINED FROM TWELVE CHURNINGS.—Concluded. 


Number of churning. 


Sample. —_ ; - 


Gas-producers and __pepto.izers. | 
(Percent of total flora): 


Grearritta tie coco rsierc on isis eer 43 41! 36 41 | 45 41 | 44 43 29 37 46 | 49 
Pasteurized cream.............. ho ae SUS |e tl 14 9 12 17 14 12 16 13 12 
Rimpenedieréam,./J-f.etas <= <teis= os- 3 1 2 3 1 2 3 1 3 3 2 1 
Bittermilkves seems selec 8 9 17 15 12 11 14 8 21 9 19 10 
Butter (unwashed)............. 23 29 16 9 12 IR), 3283 18 9 16 27 18 
Butberar sorbose ceicvosentas slots 11 9 12 17 14 11 15 17 8 14 13 12 
BULGEDA GAVE) seine seis ciearersre cr 13 17 15 18 14 16 | 16 16 18 8 14 15 
Bitierm(SOdays) es crecteeiec ely: 17 19 18 17 19 23 14 17 22 21 17 18 
Inert or indifferent group. (Per- 
cent of total flora). 
(Creaminn ae ais atk atts cwieicre ation 25 30 23 27 28 25 27 26 36 31 23 22 
Pasteurized cream.............. 40 34 27 33 43 32 40 37 36 3 33 29 
PRipented (ereamlc seit tres aister-]- 1 1 1 2 3 ie| 2 1 1 2 1 1 
PB ther milks mre orice ete nates icteess 11 8 9] 16] 2 8 10 6 16 6 10 8 
Butter (unwashed).............- 8 7 é | 8 | 7 8 | 8 11 4 10 9 13 
Butters icon attenetrac toast 15 13 7 LS el 2: 10 11 20 11 14 3 20 
Butiters(7idays)ic.-b sewer asi. 20 22 17 19" | 228 25 16 21 18 14 24 16 
Butters(s0\days)-msiecentccen +6 - | 21 27 24 | 19 | 9 26 23 24 27 23 24 19 
| | 


*These numbers represent thousands per gram. 


TABLE 2.—-AVERAGE OF DATA OBTAINED FROM TWELVE CHURNINGS. 


| | 
| | | Presence of 
-_| Gas-pro- | : 
oi ie 1 = | co 
c Acidity Total Bact a ducers and | ae |Coliaero- 
ample. per cent | bacterial count + [Peptonizers| 1 cent | SPS | B ent 
(N /10.) per gram. oe? Hee per cent | Pet cent | croup. seulels 
(of total). (of total). | (of total). | itidis Per- | Reduc- 
ey sporogenes| oxidase.| tase. 
spores. 
Creammist secon ices 48 3,640,000 32 43 | 25 + + + + 
Pasteurized cream... . 47 72,000 53 14 33 + + + + 
DbAnbeD te takes seisieis see 71 1,427,000,000 Os Seer en tes |e a _ _ = 
Ripened cream....... 56 520,000,000 95 3 2 | + + _— _ 
Buttermilk.......... 66 461,000,000 83 11 | 6 | + + _ — 
Butter (unwashed)... . 20.1 122,000,000. 78 13 | 9 ; o— — + + 
TB i iGie an Sonora 20.2 56,000, 000 76 11 13 — _ + + 
Butter (7 days)...... 20.0 39,000,000 63 16 | 21 ; o— _ + + 
Butter (30 days)..... 20.1 | 26,000,000 58 1g) Mie S98 | = = + ab 
| 


PEROXIDASE AND REDUCTASE IN CREAM AND BUTTER. 


When the various samples were analyzed, tests were made for the 
presence of the enzymes peroxidase and reductase. The data recorded in 
Table II show that these enzymes reacted negatively when starter, rip- 
ened cream or butter milk was the sample in question. The unripened 
cream and the butter manufactured therefrom reacted positive. Their 
presence in the butter indicate that they were not destroyed but rather 
that they were inactivated during the ripening process. As the differ- 
ence between the unripened and ripened cream is manifested in the 
acidity, samples of cream which react positive for both of these enzymes 
were made 0.55 percent acid by adding N/1 lactic acid; these acidified 
samples reacted negative, but upon reducing the acidity of duplicate 
samples by the addition of N/1 sodium hydroxid positive tests were ob- 
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tained. We attribute the positive tests in butter to the lower acidity 
and not to the formation of new enzymes; and the negative test in 
starter to the high acidity—in fact starter, when the acid is neutralized, 
reacts strongly positive to the reductase test. 


ACIDITY OF CREAM AND BUTTER. 


The acidity of the cream during the ripening process is constantly 
changing (Fig. 1). Our cream which on an average had about 30 per 
cent fat contained an average of 0.43 percent acid. This means that the 
cream was not in need of a further development in acidity, but as a con- 
trol measure starter was added a few hours before churning. The acid- 
ity of the ripened cream averaged 09.50 percent which is too high for the 
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Fig. 1. Graphic representation of changes in acidity (average of 
twelve .churnings) at different steps in the manufacture of butter. 


Nore.—The graduations on the vertical line in Fig. 1 should read 25, 50 and 75 per cent 
N/10 acid respectively. 


best results in the stability of the product. The acidity (average of 20 
per cent N/10) of the butter from the time of drawing the buttermilk 
to thirty days later remained almost constant. 


ADAPTATION OF CASBIN AGAR AND LITMUS LACTOSE AGAR FOR NUMERICAL 
AND DIFFERENTIAL COUNT. 


Throughout this work the total counts on each of the two media were 
very close together, the count on the casein agar generally was a little 
lower. Each medium has its advantages and disadvantages. On the 
casein agar the bacteria did not grow so rapidly, but the inert, the alkali 
forming and the peptonizing groups were favored. This medium is valu- 
able for the detection of peptonizers. The litmus lactose agar lends 
itself admirably to the enumeration and isolation of acid-producing 
bacteria. 
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TYPES AND NUMBERS OF MICROORGANISMS IN CREAM AND BUTTER AS IN- 
FLUENCED BY THE MANIPULATIONS OF THE CREAM DURING 
THE MANUFACTURE OF BUTTER. 


In this study we have for convenience grouped the microorganisms in 
three groups: First, bacteria of the starter type; second, gas-producers 
(coli-aerogenes and anaerobic gas-producers) and the casein liquefiers ; 
and third, bacteria which are inert or indifferent in milk. 
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Cream + 10% Starter 
Butter (salted) 
Butter (7 days) 


Butter and But eect 


Fig. 2. Graphic representation, based on the log of "2", of the 
total number of microorganisms (average of twelve churnings) present at 
different steps in the manufacture of butter. 


The total number of bacteria found at different periods in the manu- 
facture of butter is represented graphically in “Fig. 2.” Pasteurization 
kills a large percentage, the addition of starter adds enormous num- 
bers, an increase is noticed during the period of ripening and at the time 
of churning a marked decrease in the number of living bacteria is ob- 
served. Neither the butter nor-the buttermilk from the churn contains 
as many living bacteria as the ripened cream. In butter the total num- 
ber of living bacteria decrease gradually. 

The starter group is by far the most numerous and plays an important 
part in the ripening process. It is present in large numbers at every 
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step in the manufacturing manipulations (Fig. 5). During pasteuriza- 
tion about 70 percent of this group is killed. In the pasteurized cream 
they constituted over 50 percent of this total flora and about 95 per- 
cent in the ripened cream. During the twenty to thirty minutes of 
churning about 380 percent of the total flora were rendered unable to 
make a growth on the culture media; according to our data the starter 
group suffered the total of this loss. In butter they die more rapidly 
than the members of the other groups. 

The gas producing bacteria and liquefiers. These groups which cause 
most of the undesirable flavors suffer great loss during the pasteuriza- 
tion. They increased during the ripening and their numbers were not 
reduced by churning. In butter their numbers remained almost con- 
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Fig. 3. Graphic representation of the different types of micro- 
organisms in per cent of the total flora found at different steps in the 
manufacture of butter (average of twelve churnings). 


stant. The gas producers including both the coli-aerogenes and the 
enteritidis sporogenes groups were present in varying numbers in the 
cream at all stages, but were not found in the butter. Other work in this 
laboratory shows that members of the coli-aerogenes group are found 
occasionally in butter after three weeks in storage. For their absence 
in butter we have no explanation to offer unless the agitation during the 
churning or the plasmolysis of the cell due to the added salt is destruc- 
tive. 

The inert or indifferent group of bacteria to which 10 to 25 percent of 
the total flora belong suffered a loss of about 97.5 per cent during pas- 
teurization; increased during ripening, did not decrease during the 
churning and remained almost constant in the butter during thirty 
days. 

Torulae and molds. Torulae, both liquefying and non-liquefying were 
found in every churning, pasteurization is highly destructive yet they 
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are found in the ripened cream and butter. Oodspora lactis is the pre- 
dominating mold in butter. 

Cultural study and frequency of occurrence. The study of the mor- 
phology and of the cultural and biochemical features of the various or- 
ganisms isolated from the different churnings is not given in this paper 
for the sake of brevity. Table III gives a summary of the data upon the 
frequency that individual species were found in these twelve churnings. 
From each churning eight platings, representing different stages in the 
manufacture, were made. The figures in the table indicate the number 
of platings from which the type was obtained. While none but Bact. 
lactis acidi was omnipresent other types were frequent and were isolated 
several times in many of the churnings. 


TABLE III.—THE NUMBER OF PLATINGS IN WHICH AN ORGANISM WAS FOUND IN 
THE DIFFERENT CHURNING EXPERIMENTS. 


(Eight platings were made, at different periods, from each churning.) 


Number of organism. 
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GENERAL DISCUSSION. 


Our findings that a number of bacteria died during churning cannot 
be taken as universally true because the acidity of our cream is high 
and the total number of living organisms was near the maximum. It is 
the general knowledge and belief that when bacteria in cultures have 
reached the maximum number they die more or less rapidly due to the 
deleterious effect of waste products; this, and not the agitation in the 
churn, may be the prime cause of the death we observed. An underripe 
cream in which bacteria are capable of increasing to far greater num- 
bers, if churned, might not show a reduction in numbers during the 
churning operations. It is obvious that the difficulties encountered in 
differentiating the various types in order to obtain a total count of any 
particular group are so great that the results, at best, are subject to 
ereat variations. Although it may be concluded that the numbers of 
the various types of microorganisms not including acid producers, or- 
ganisms especially tolerant to acids, show little or no increase in sour 
cream after pasteurization. The same may be said of most microor- 
ganisms in butter. 


SUMMARY. 


1. The microorganisms in butter are for the greater part those that 
were in the cream. 

2. Neither the buttermilk nor the freshly churned butter contain per 
unit volume as many living bacteria as the ripened cream. The average 
from our data shows that about 30 percent of the bacteria living in 
ripened cream fail to grow after the mechanical agitation in the churn. 

3. The process of washing and salting removes about 50 percent of 
the microorganisms from the unsalted butter. 

4. Positive tests for peroxidase and reductase were obtained in the 
cream and in the butter, but not in starter, in ripened cream or in but- 
termilk. The negative results are due to a temporary inactivation by 
high acidity. 

5. Bact. lactis acidi is the predominating type throughout the man- 
ufacture of butter. Other organisms appearing frequently in our sam- 
ples are Micrococcus lactis varians, Micrococcus lactis awreus, Micrococ- 
cus lactis albidus, Streptococcus lactis fulvus, Bact. lactis album, B. coli, 
torulae (liquefying and non-liquefying) and Odspora lactis. 
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FOREWORD. 


TECHNICAL BULLETIN NO. 30. 


Investigations dealing with the “Keeping Qualities of Butter” have 
been submitted for publication under the headings I, II and III, and 
IV and V. The results herein recorded are presented as a contribution 
to part V “Pasteurization and Its Influence” and represents a portion 
of a thesis submitted in 1915 by Kurt Peiser in partial fulfillment of the 
requirements for the degree of Master of Science at this institution. The 
research was conducted under the immediate direction and close super- 
vision of Mr. Chas. W. Brown and prepared for publication by him. The 
junior author, now instructor in bacteriology at the Kansas Agricultural 
College, Manhattan, Kansas, is pursuing this phase of the investigation 
further. 

WARD GILTNER. 
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KEEPING QUALITIES OF BUTTER. 


Vv. PASTEURIZATION AND ITS INFLUENCE (CONTRIBUTION). 


A STUDY OF THE FACTORS WHICH INFLUENCE THE RESISTANCE OF LACTIC 
ACID BACTERIA TO HEAT.* 


CHAS. W. BROWN AND KURT PEISER. 


INTRODUCTION. 


The facts that commercial pasteurized milk develops an acidity 
and loppers in a manner characteristic of milk which has not been pas- 
teurized, that plates made from pasteurized market milk and cream 
usually show a high percentage of acid-producing microorganisms, and 
that butter made from pasteurized cream without the addition of starter 
has lactic acid bacteria as the predominating flora, have directed our at- 
tention to the lactic acid group of bacteria. Inefficient pasteurization 
and subsequent contamination through utensils and containers of milk 
and cream which have been efficiently pasteurized were thought to be re- 
sponsible for the presence in pasteurized milk and cream of large num- 
bers of this group of bacteria. 


PURPOSE. 


The purpose of this work is to ascertain whether lactic acid bacteria 
in milk and cream survive pasteurization at a temperature commonly 
considered as efficient and whether such survival is due to an inherent 
property of the organism or due to some external protection exerted by 
the constituents of milk. 


*A report on this work, presented” Ibefore the Society of American Bacteriologists 1914-15, is 
abstracted in Science n. ser. Vol. 42, p. 320. 
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LITERATURE REVIEW. 


A non-spore-forming bacterium (Bact. bulgaricum) was studied by 
Leichmann (12) who states that to kill it in milk an exposure of 70° C. 
for two hours was required. The belief of Russell (16) is that to a 
large extent the lactic acid bacteria are destroyed by the pasteurization 
process. Marshall (18) observed that a large number of the samples of 
milk pasteurized at 68° C. for twenty minutes loppered with the pro- 
duction of acid, although no true lactics were found on plating. Among 
those isolated were four non-spore forming bacteria, three of which are 
able to survive 80° C. for twenty minutes in bouillon and the fourth 
withstood 70° ©. for the same length of time. A number of streptococci. 
and members of the colon group whose death point is high were isolated 
by Harrison (10). Gage and Stoughton (8) isolated a strain of B. coli 
whose thermal death point in bouillon was 80° C. They attempted to 
increase its resistance to heat by subculturing from the surviving few, 
but no increase in resistance was obtained. Dornie and Daire (7) 
state that Bacillus surgeri (an organism of the Bact. bulgaricum group) 
isolated from pasteurized whey resists a temperature of 85° C. for five 
minutes. Ayers and Johnson (1, p. 58) say that a temperature of 62.8° 
C. held for thirty minutes would be sufficiently high to afford protection 
against pathogenic bacteria and yet would leave in the milk the maxi- 
mum proportion of lactic-acid bacteria and the group proportions would 
be very similar to those of all grades of market milk. In their conclu- 
sions they assume that the souring of pasteurized milk is due to the de- 
velopment of lactic acid bacteria that, on account of their high thermal 
death point in milk, survive pasteurization. White and Avery (22, p. 
171) in their study of seventeen different strains of Bact. bulgaricum 
observed that a minimum exposure in whey of fifteen minutes at 60° 
C. was necessary to kill all the strains. Pease (14) states that mem- 
bers of the colon group are more difficult to kill by pasteurization than 
is Bact. tuberculosis. In commercial pasteurized milk of Wahington, 
Kinyoun (11) found high counts of colon bacilli and of streptococci. 
He attributed their presence to dirty milk inefficiently pasteurized. 
Data given by Ayers and Johnson (2) show that 1.2 percent to 4.5 
percent of the lactic acid bacteria in raw milk survive pasteurization at 
62.8° C. for thirty minutes. They give the thermal death point of a 
lactic acid organism isolated from pasteurized milk as 79.4° C. for 
thirty minutes in bouillon. Some acid-forming bacteria were found that 
have a thermal death point in bouillon ranging between 82° C. and 
93.5° C. The determination of the thermal death point of one hundred 
and thirty-nine strains of streptococci isolated from various sources re- 
‘vealed to Ayers and Johnston (3) that 33.07 percent of the strains sur- 
vived, in milk, a temperature of 145° F. for thirty minutes, that 2.58 
percent survived at 160° F. and that all succumb at 165° F. They ob- 
served that the typical streptococci (those forming long chains) were 
less resistant to heat—seventeen from the eighteen strains were killed 
at 145° ¥.—than the atypical of which, at 145° F, 38.46 percent of the 
strains survived. Also that the strains from the udder are more re- 


548 STATE BOARD OF AGRICULTURE. 


sistant than those from the mouth of the cow and from cow feces but 
less resistant than those from milk and cream. One strain upon which 
special work was done was not affected by a temperature of 150° F. for 
thirty minutes, at 160° F. from 53 to 99 percent of the individuals in 
the culture succumb and at 165° F. all were killed. These same authors 
(4) in a study of one hundred and seventy-four strains of colon bacilli 
state that in milk a temperature of 145° F. for thirty minutes caused 
the death of 93.02 percent of the strains and that all were killed at 150° 
Fr. The results from repeated determinations of the thermal death 
point of a given strain was observed to vary considerably. They con- 
clude that, from their work, colon bacilli should not be expected in 
milk pasteurized at 150° I’. for thirty minutes. 

Working with Bact. tuberculosis, Theobald Smith (20) states that 
the tubercle bacilli suspended in distilled water, in normal salt solution, 
in bouillon or in milk are destroyed at 60° C. in fifteen to twenty minutes ; 
while those on the surface of milk surrounded by the pellicle which 
forms during the exposure may be found alive after an exposure at 60° 
©. for sixty minutes. A micrococcus was isolated from pasteurized 
milk by Russell and Hastings (17) who tabulate data showing that its 
thermal death point in bouillon is 76° C. and in milk and whey is 77° 
©. Russell and Hastings (18) give data demonstrating that the thermal 
death point of a micrococcus in milk when determined in an open vessel 
is about 8° C. higher than when determined in sealed tubes. This differ- 
ence they show to be due to the surface pellicle which formed on the milk 
during exposure. They conclude that the destruction of bacteria in 
milk by means of heat depends upon the conditions under which the 
exposure is made; the formation of a pellicle protects any organism 
within the pellicle. This protection is thought to be due largely to a 
lower temperature at the surface and to the nature of the membrane 
itself. In studying heat resisting strains of B. Coli, Zelenki (24) states 
that their thermal death point is higher in milk than in bouillon and 
suggests that the protein and fat are responsible for the protection. 
3arthel and Stenstrém (5) conclude that the cells of Bact. tuberculosis 
in whey are killed by heating to 80° C. providing the large lumps of 
coagulated casein have been removed by passing through a hair sieve— 
the small flakes which pass through the sieve are without effect. Rosen- 
gren (15) concludes from his data that bacteria are better protected 
against a high degree of temperature in raw milk than in milk sterilized 
by heat. Bartlett and Kinne (6) suspended the spores of B. subtilis, Bact. 
anthracis and B. vitalis in water, in glycerin, in olive oil, in cottonseed 
oil and in paraffin and subjected them to various degree of heat. They 
observed that in an autoclave under fifteen pounds pressure the spores 
of B. vitalis suspended in water were killed within fifteen minutes; but, 
when suspended in glycerin and in oil exposures for ninety minutes and 
two hours respectively were required. Hammer (9, p. 32) states that 
his unpublished data indicate that the acidity present in cream has an 
important influence on the destruction of the Bact. lactis acidi forms by 
heat. It is stated by Wolff (23, pp. 666-675, 737 and 744) that Bact. 
giintheri (Bact. lactis acidi) in sterilized milk, in bouillon and in water 
was killed within twenty minutes at 70° C. but that in raw milk mem- 
bers of this group survive for half an hour at 70° C. or for fifteen 
minutes at 80° C. He concludes that the protection is due to the forma- 
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tion around the cell of an acid coagulum of albumin. In the study of 
tubercule bacteria in naturally infected milk van der Sluis (21) ob- 
served that a temperature of 80° C. was necessary to insure destruction 
of this bacterium. He also observed that artificial cultures in media 
containing milk acquired an ability to withstand a slightly higher 
temperature than the Bact. tuberculosis normally present in milk. 
Schultz and Ritz (19) in studying the thermal resistance of young and 
old cells of a strain of B. coli observed that cultures three to six hours 
old were killed by an exposure for twenty-five minutes at 52° ©. while 
cultures eight to twenty-four hours old survived and believe that the 
rapidly reproducing cells are less resistant than older individuals. At- 
tention is called by Ayers and Johnson (1) to a lactic acid bacterium 
isolated from milk, the thermal death point of which is 74.4° ©. in 
bouillon and 75.6° C. in milk when exposed in Sternberg bulbs for thirty 
minutes. When heated in milk for ten minutes the thermal death point 
eg eek OM 

Nearly every investigator who has worked with pasteurized milk and 
cream believes-that members of the B. coli and Bact. lactis acidi groups 
survive pasteurization and too, that members of these groups exist whose 
thermal death point is higher than the temperature commonly employed 
in commercial pasteurization. Many are of the opinion that the thermal 
death point determined in bouillon or in milk is the same, especially if 
the milk is sealed to prevent the formation of a surface pellicle or mem- 
brane; while others have discovered that the killing temperature of a 
number of microorganisms is higher in milk than in bouillon. 


EXPERIMENTAL WORK. 


METHODS. 


Thermal Death Point. The thermal death point of a bacterium is 
that temperature which causes death of the vegetative cells during an 
exposure of ten minutes in bouillon unless otherwise stated. (As a Tat- 
ter of comparison the exposure was lengthened to twenty minutes, but 
when this is done specific mention of the fact will be made.) 

Methods of Determination. One cubic centimeter of a twenty-four 
hour bouillon culture was introduced into test tubes containing about 
10 c.c. each of the sterile medium in which the thermal death point is to 
be determined. Duplicate tubes were placed in a water bath at the de- 
sired temperature, which was not allowed to vary over 0.5° C. for ten 
minutes, then they were removed immediately and cooled below 25° C. 
Special precaution was taken not to permit the bouillon culture to come 
in contact with the walls of the tube above the medium and to have the 
surface of the medium in the tube below the level of the water in the 
bath. The tubes were incubated at a temperature optimum for the bac- 
terium under consideration (25 to 30° ©. for Bact. lactis acidi and 37° 
C. for B. coli). The bacteria in the duplicate tubes, when neither shows 
growth within five days, are regarded as having been killed and are re- 
corded negative for that specific temperature. 
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Another method used for comparison is the same as the above de- 
scribed with the exception that a layer of sterile liquid paraffin about 
one-half inch in depth was placed upon the medium just before the ex- 
posure in the water bath. The paraffin, which serves to exclude the air 
and to prevent the possible formation of a surface pellicle, remained in 
the tubes during the incubation period. 

Sternberg Bulbs also were used for comparison. They were filled 
with the suspension, exposed in a water bath at the desired temperature 
for the required length of time, cooled and emptied into tubes of litmus 
milk. 


VARIATION IN THE TEMPERATURE OF CREAM DURING PASTEURIZATION. 


A “Perfection” pasteurizer (200 gallon capacity) installed in the Col- 
lege Dairy Department was used for this work. It contains a block tin 
spiral tube through which water of any desired temperature can be 
pumped. The spiral is made to rotate and to serve as a stirring device. 
Observations were made in cream which was pasteurized by the holding 
process at 145° F. for 20 minutes and which was used for churning in 
the College dairy. The temperature was read at intervals at a depth of 
about four inches near the corners and in the center of the pasteurizer 
and also in the surface of the cream. The data obtained (Table I) show 
a very slight variation in the temperature of the cream at different 
points during the pasteurization and indicate that the process employed 
would be considered efficient. 


TABLE 1.—VARIATION IN THE TEMPERATURE OF CREAM DURING PASTEURIZA- 
TION BY THE HOLDING PROCESS. 


Lot A.—Location in the pasteurizer. 
Time. 
NE ol) GN We S. W. | S. E. 
corner. | corner. corner. | corner. Center. 
| | 
Beginning of holding period............. 145°F* 145°F | 144°F | 144°F 145°F 
ORG Ce toe AERO ODIO HD Foe 144 145 144 146 145 
ba TR rite ATED A EN Sk nr POE Pat Sb Sir cyelk Oo 145 145 145 145 144 
We. SPS ik. 8 oe oe Oe ee race eee 145 145 144 144 144 
MGin 3: gro che ehey tere pice Ste ieeLer ealeeeue eae 145 145 145 145 145 
VA Ae ee een ame SARC ar oti chbay Sicko ius 145 145 146 145 146 
Lot B.—Location in the pasteurizer. 
Time. | | Lae y 
N. E. N. W. S. W. S. E. 
corner. corner. corner. corner. Center. Surface. 
Beginning of holding period. . (5 EO 62.0°C 617 62.2°C 62.3°C 62.0°C 
ZB RECTOR ICRP EIC RHE CECH Tare ed etncae 63.2 63.1 63.1 63.2 6322 62.9 
Biss ae etc cine he etaioa? 63.3 63.2 63.2 63.4 63.3 63.1 
PAE J RACE La ITT OER oe RE 62.9 63.0 62.8 63.1 63.0 62.5 
UG tc erent ie eee cd eas Leo ates 62.4 62.6 62.5 * 62.5 62.6 62.2 
ZOE wo jdt potasieoe rire bites 8 61.8 61.7 Glia 61.8 61.8 61.5 


*Taken with a dairy thermometer. ; 
+Taken with a certified thermometer graduated in 0.1°C. 
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COMPARISON OF METHODS FOR DETERMINING THE THERMAL DEATH POINT. 


The thermal death points of four bacteria were determined in sep- 
arated milk and in cream by each of the three methods described above. 
The results (Table II), show the harmony of these methods. 


TABLE 2.—COMPARISON OF THE THERMAL DEATH POINT AS DETERMINED BY 
DIFFERENT METHODS. 


Open tube. Paraffin covered. | Sternberg bulbs. 


Name of bacteria. el 
| 


Skim milk.| Cream..|Skim milk.) Cream. | Skim milk.| Cream. 


PAC toes IN Ole LOOT Mr, aos cas 60°C 69°C 60°C 69°C 60°C 63°C 
Pacha NOn LO2T222. 2): Sees 63 71 63 “ial 63 fell 
Bacio; INOS LOZS!..< ja oa own 63 71 63 69 63 69 
ESERGOUN INO ia) ces ule sarerein tele 65 73 63 73 65 ss 


THERMAL DEATH POINT OF LACTIC ACID BACTERIA FOUND IN PASTEURIZED 
MILK AND CREAM. 


A number of different species and strains of microorganisms were 
found in samples of pasteurized milk and cream obtained from various 
sources, but only those of the acid producing types are considered to 
any extent in this work. The thermal death point of twelve strains of 
Bact. lactis acidi and of four strains of B. coli were determined and are 
tabulated in Table III. A variation of 22° C. (from 56° to 78° C) in 
the thermal death point of these strains was found. Seven of the twelve 
Bact. lactis acidi and two of the four B. coli have a thermal death point 
high enough to survive pasteurization (145° F. for 20 minutes). When 
bacteria with this inherent property are present in milk or cream we 
can not hope to exterminate them by the usual temperature of pasteuri- 
zation. But when bacteria whose thermal death point is below the tem- 


TABLE 3.—THERMAL DEATH POINT DETERMINATIONS. 


(Average of 5 determinations in bouillon, open tube method). 


Length of exposure. 


Name of bacteria. ee es ee eee 


10 min. 20 min. 
Bact alachinacil ONG. tery By k ak Fo2 o. eee LR te e Soe 56°C 52°C 
RAC LACTIS ACICIaZN Osa cache tn wane toa teen oy eo ces open ies WRG Ts oe Serpe ean 58°C 56°C 
FRAC (LAC EIS rUClOIE INO ceria. 7 wort tk Socio en pe etnias Scares ay Ney warn eum on creole Rare 62°C 58°C 
Evian iemlch CVINSAGLOT IN OS Lo nen ocre ile actin Ay ei wach ee lk or Ra nae Nee a Caen a as 64°C 62°C 
BACH MACHISHACLOLWNOs. (OF chemca of. sancrnie wimaschch tei octal ram aredel oh oP ence MeN 66°C 62°C 
(BA Gi eA CHIasACIT NOs WS a cratac ccna pee teh tance yee sia oraae. eth oan eRe ea aie ese eres 68°C 66°C 
EXECU LACHISSACICI INGE Leo omretat or tudhey: ceric sioReMaNe oe he te iuaiael tek Roe EN eee w2c€ 68°C 
ACT LACTISPAGIO lee NOt yl Omnis ee a tone set en polar yeaa acai eee eee nas 72°C 68°C 
IBachplactisracidt: NO Mili mis acteurs ickcon alin er ee ache Ne LG ea oan 74°C 72°C 
SANG eel ACEI A ACION,, NOs IGE oc5cote crt ocace, ceases ee Ghee eee ee nema Ober ative 76°C CAE 
TRACE ACHISLACLON, INOS IB ina creneveroaeyh mutta aie echoes SLSR ETN eerd oo cheveina sey share 76°C 74°C 
HSC LL ACTISHACI TAINO’, ~afvecenana aretehsana or als oie arccey eames oT ISLE hr ae ee ates 78°C 74°C 
NAG MISTS ECO LMM Oe A Ae eats, Sheree e sins ered ecemeateta, sf ob TVA ee ree cdecaotio aeons 56°C 52°C 
ENACT IB RCO EU IN eae xa tettr Sey Se aie ocite als eabolate Bru oR hae FRE Ma eee ea tinetis 60°C 58°C 
IS OU LEN eee) Tao) DR eA a ee TA NEES OR ere Se ae nes illiae BePast Boing et Se 70°C 68°C 
BS ACH ELSE COLT PANO Malay eneae arcs teins ous SOE avin aiaiee ciate sccha aes aeee e e aii tae, datas 74°C 70°C 
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perature of pasteurization are alive in the pasteurized product, some 
compound or property in the milk or cream has given them protection. 


PROTECTIVE INFLUENCE OF MILK. 


The thermal death point of a culture of Bact. lactis acidi and of a cul- 
ture of B. coli were compared in bouillon and in sterile separated milk. 
The average of twelve determinations establishes the thermal death 
point in milk 3.5° to 4° C. higher than in bouillon (Bact. lactis acidi No. 
12, in bouillon 64° C. in milk 68° C. and B. coli No. 3, in bouillon 69.5° 
C. in milk 72° C.) With the idea of extending this comparison a por- 
tion of a lot of fresh milk was filled into test tubes, the remainder was 
separated and tubes filled with the cream (25 percent fat) and with the 
separated milk. Some separated milk was treated with rennet and the 
whey filtered and tubed. This gives us four divisions of the same milk, 
i. e., whole milk, cream, separated milk and whey all of which were 
sterilized intermittently in flowing steam. In these subdivisions the 
thermal death point of several milk bacteria were determined. The re- 
sults which are tabulated in Table IV make it clear that the thermal 
death point of bacteria determined in milk or in cream is higher than 
that for the same organism determined in bouillon. Whey itself pos- 
sessed some property which raised the thermal death point from 2° to 4° 
C.; separated milk from 4° to 6° C, whole milk about 8° C. and cream 
from 12° to 14° C. The non-acid producing bacilli Nos. 16 and 14a re- 
ceived the same protection from milk and cream as did the acid pro- 
ducers. In the light of this observation it is not strange that bacteria 
in milk and cream whose thermal death point in bouillon is a few degrees 
below the pasteurization temperature are not killed by pasteurization. 


EXPERIMENT STATION BULLETINS. 


503 


TABLE IV.—THERMAL DEATH POINT AS DETERMINED IN VARIOUS MEDIA. 


Temperature of exposure in degrees centigrade. 


Medium. = 
Soo oon OW. |) 595)| Gila Gos kOe Ose OO lodledldecunaouliditienl doe 
Bact. lactis acidi, 
No. 10211: 
(Ghigy hae Rane eens ae +y+}] ty) +] +) +) ey] te] t+] Hj] H—} Kt Hf] Hd 
Win@lesmillicne eek 1 a. -. cS | hey ete a es eae a |e ee eal (Me | all es I 
Sidtaath sald MG Ses ae ete aled|egitesaa| task ok Soest (err lNeacee (pez [ce Veal el =a BL Te Ue ea 
VIAIKE SOLU etwas oh Se ates fetes ff ee aN ee es Sa ee 
BOUTON a ayerayhe oe rcne ss Se) St al) eo) aN fe Ng) SY 
Bey ocus acid, 
0. 10212: 
(CIEE Has elas Aree eo Oar ees ++] +/+) 4+] +) +) 4+) +) 47) -] =~] -] -] - 
Wihole mills =. 9255": + + +) + + + + = = = cs — = — — 
Sleimpmil eye SM se ten ert ets Nl eee eg ee ae 
Mille serum... 22 248. + + + + + = = = = = = = = = — 
Bullion sree a S| eS Ne Nee ee ee ae he 
Bact cis aed, 
oO. 3: 
COTATI ase eo ae oot +1 +] +) 4+) 4) +) +) +) 4+) +7 -) -] - 1) - + - 
Nydiotemm lic een: oe feces ee Me ee om Fs ca r= Cn] Fel ed (a Ley ee fg] 
Sj ratiea erect) eae an eee ays Cee tT Te eo all oie eS I el te et ee Ne el 
VMI ERT fs oon ee seaalewste lt este nice stay [asst || esse ieee emp Negima mis ioe 
ISG wilonie, adhesin eae BAN eH See Mt NT ee EN ae Nath ele 
B. coli, No. V: 

NSE HONS Bites er Sic pach cnn yeep ey] te] typeyp eye ey ep tye H pH] rs 
Waholesmille. 5. cias- +/+) +) +74) +) 4] FP +} Ht Hp eH Hd Hd 
Skim milks, 58.2.) 2. St TE Wy hal Yt es ee |S | heal Sani cel 
Malka genuima® ie sss es +/+) +) +) 4) +7) —-) ~-|] ~-]}| -~-|] —~-!' -]} -]} - 4] - 
BOmllonsk casa os a - +] + + + cs = = = — = = = | — — 

Non-acid Baccillus, No. 

16. : esplated from 

asteurized cream) : 
Ciearn Hans Sahel ee + aL oa + aa + + + + + + a. | + -_ — 

FHolevmaille ss: 8) whe | +/+] +] 4+} 4+) 4) +1) 4) 4+) 4+] -]) -]} -] -] - 
rs} ataal i0cht ae ere Se (i es ee a) Fare a (ne pe Ol ee (i el el eo |e ea | 
Milkeseriims ye) 28 ee Oe ag oe a eS dese eae en pe ieee ali en 
Bowilone, ssh ase! + “{- + + + + = = = oa — = — — 

Non-acid Bacillus No. 

14a. (Isolated from 

pasteurized cream) : ay eet 

ream... . Soiss pce rT Ae a Ae Oe lege om ae eae Oh ed asa Fee Mt te 3 
Wihole=millc. <*>: ale amet Spe cue lel |= lies Se a at ei F, 
Slam MO. os sae a pal eae eects Pokeael ea ars ee sea | es PE? Slee gg Sd ae 
Miilkesertim’.. 0.00 - sey ee case Peel ae MPG eg Pa Sarwar Pa ah rae 
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Bact. bulgaricum, 6769. 71s 173.) 75s | W792 | Sl, | S885. | 8%. | 89: Oly) 93%) 195: 
Yo. 10251: 
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ACIDIFIED MILK. 


When the thermal death point of three strains of Bact. lactis acidi 
was determined in sterile separated milk to which was added normal 
lactic acid (commercial) no effect of the acid was noticed. (Table V.) 


TABLE V.—THERMAL DEATH POINT DETERMINED IN ACIDIFIED MILK. 


(Average of 20 determinations). 


Lactic acid added. 


Check. 
Name of bacterium. reaction 
15°. Reaction | Reaction 
Page ° 40°.* 
Bach lactisjaicidieNowlO2iA ste bhi ae Tee eee 57°C SiG 57°C 
Bacto lactis acidi (NOwTODTO: iis ak a ee ii ape ie me en 61°C 61°C 61°C 
Bact. lactis acidi,No-i0213') 535th ee cena 61°C 61°@s 61°C 


*A degree (°) means per cent N/10. 


GENERAL DISCUSSION. 


As further work on several points of this subject is well under way a 
detailed discussion of the many factors will not be undertaken at this 
time; yet it will not be out of place to mention some of the factors which 
may or may not influence the resistance to heat (thermal death point) 
of bacteria in milk. It is understood that the composition of milk from 
different cows is not the same and that the milk from the same cow at 
different milkings or even at the same milking is not uniform. If media 
of different composition have anything to do with raising or lowering 
the thermal death point of bacteria therein, then all factors which 
modify milk or cause variation in its composition may influence directly 
or indirectly, favorably or unfavorably the ability of bacteria to survive 
high temperatures. Physical and chemical conditions of the medium in 
which bacteria are subjected to heat are not without influence upon the 
thermal death point. Media with low or high specific heat would sub- 
ject the bacteria to sudden or retarded changes in temperature when 
they are placed in the hot water bath and when they are cooled by plac- 
ing in cold water. A sudden chilling of bacteria, as when the thin wall 
capillary tube is plunged into cold water after the ten minutes exposure, 
may be decidedly detrimental. The use of sealed containers as Sternberg 
bulbs or capillary tubes might have an influence because the exposure to 
heat during the determination would create an internal pressure which, 
in itself, is a potent factor in hastening death. The evaporation in un- 
sealed tubes would lower the surface temperature at the time of expos- 
ure, thus permitting the bacteria in the surface to survive when all be- 
low the surface haye succumbed. A possible indirect effect of evapora- 
tion may be the production of a drier heat in the surface of the medium 
due to the concentration of its soluble and suspended matter. The form- 
ation of a pellicle on raw milk due to the coagulation of albumen, to sur- 
face drying and to oxidation when milk is heated in contact with air is, 
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without question, a protection to bacteria within the pellicle. In cream 
the fat itself may have protective properties or the protection may be in- 
direct and due to a large amount of dry matter with a comparatively 
low percentage of water. Raw milk may offer greater or less protection 
than milk sterilized by heat. Whether the protective property of casein 
is due to the formation around the bacterial cell of an acid or rennet 
curd, brought about during the exposure through the agency of the 
enzymes liberated by the cell, is a question for further study. The pos- 
sibility that the reducing action of lactose or the action of reductase 
may have an influence can not be ignored. The presence of products 
and of by-products of bacterial growth undoubtedly has something to 
do with a bacterium’s maximum endurance of heat. It must be admitted 
that the death of bacteria, when subjected to heat, may be postponed or 
hastened by the presence of enzymes (reducing, oxidizing and hydrolytic) 
of animal and of bacterial origin. It is not improbable that the age of an 
individual cell i. e. the two cells the moment after division and the cells 
hardened with age; that the physical condition of the cell i. e. a cell in 
the act of division, a cell rapidly synthesizing vital protoplasm, a cell 
resting but maintaining life, an involuted form or a stage in the life 
cycle; and that the formation within the cell or the exudation from 
the cell wall—permitted or even favored by the nature of the medium 
upon which the cell is nourished—of protective substance i. e. the stor- 
ing of fats, carbohydrates, sulfur, ete., within the cell and the excretion 
of waste products, gums, muculent substances, ete., are determining 
factors in raising or lowering the resistance of cells to the devitalizing 
action of high temperatures. In the pasteurization of dairy products 
and in the control of infectious diseases the resistance of microorganisms 
to heat is a question of great magnitude and a problem for research. 


SUMMARY. 


1. The temperature of cream during pasteurization by the holding 
process in a “Perfection” pasteurizer (with coil rotating) was found to 
be almost constant throughout the whole mass: The temperature in all 
parts of the cream at a stated time showed a variation of less than one 
degree. 

2. The thermal death point, determined in bouillon, of some of the 
non-spore bearing bacteria isolated from pasteurized milk and cream is 
higher than the pasteurization temperature (62.5° ©. or 145° F. for 20 
min.), while many have a thermal death point below the temperature of 
pasteurization. 

3. The casein and fat in milk offer some protection to bacteria that 
are subjected to high temperature during the death point determina- 
tion. 

4, No pellicle was observed to form in any of the tubes of milk dur- 
ing the exposure. The plain cotton plugged tubes, the tubes with paraf- 
fin oil on the surface of the medium and the Sternberg bulbs gave con- 
cordant results in the thermal death point determinations. 

5. The addition of small amounts of lactic acid to a milk suspension 
of the bacteria did not change their thermal death point. 


6. 


=~ 


10. 


iB 


14. 
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INTRODUCTION. 
Technical Bulletin No. 31. 


GEORGE J. BOUYOUCOS AND M. M. MCCOOL. 


In a former publication (1) the freezing point method was presented as 
a new means of measuring the concentration of the soil solution directly 
in the soil mass, at various moisture contents and under different ferti- 
lizer treatments. The general results yielded by the method appeared on 
the whole quite revolutionary and in some respects almost incredible. 
With the desire to establish, as far as it was possible, the absolute 
truthfulness of the method and consequently the reliability of the re- 
sults, the general investigation was repeated a second time and greatly 
extended. In the second investigation an attempt was made to be ex- 
tremely critical both with the method and the results obtained. The 
general method was somewhat modified and in certain essential details 
greatly improved. The scope of the investigation was considerably en- 
larged by employing a greater number of soils, which were obtained 
from various parts of the country, and by applying to these soils a 
greater number of treatments. 

It is a personal source of gratification to us now to state that the re- 
sults obtained in the first investigation, the general conclusions drawn 
therefrom, and the various explanations offered, are fully and entirely 
confirmed and substantiated by these later improved, greatly extended 
and more critical researches. We are now confidently convinced that 
the freezing point method gives truthful and reliable results on the 
freezing-point lowering of soils at various moisture contents and under 
different fertilizer treatments. 

Since the appearance of the first paper already referred to, the freez- 
ing point method has been applied in studying other problems besides 
those already mentioned. Some of the problems investigated by this 
method may be mentioned as follows: (a) Measuring the concentration 
of the plant cell sap directly in the plant tissue (2), (b) Measuring bio- 
logical actions directly in the soil (8), (c) Determining the nature of 
acidity and lime requirement of soils (4). The experience gained from 
these varied studies and the opportunity they offered to test out the 
method have amply confirmed and greatly strengthened the above con- 
viction. 

It is the object of the present bulletin, therefore, to present the addi- 
tional data obtained by the freezing point method on the concentration 
of the soil solution at various moisture contents and under various other 
treatments, to compare these results with those of the first investigation, 

(1) Bouyoucos, G. and McCool, M. M.—The Freezing Point Method as a New Means of Determin- 
ing the Concentration of the Soil Solution Directly in the Soil. Tech. Bul. 24, Mich. Exp. Stat., 1916, 

(2) Bouyoucos, G. and McCool, M. M.—Determination of Cell Sap Concentration by the Freezing 
Point Method. Jour. Am. Soc. Agr., Vol. 8, No. 1, 1916. 

(3) Bouyoucos, G.—Measuring Biological Actions by the Freezing Point Method Directly in the 
Soll Beledce 44, 65-66, 1916. 


Bouyoucos, G.—The Freezing Point Method as a New Means of Determining the Nature of 
Acidity and Lime Requirements of Soils. Tech. Bul. 27, Mich. Expt. Sta., 1916. 
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to examine more critically the possible explanations for these results, 
to present the new modifications made in the apparatus and procedure, 
ete: 

Since the original experimental data, general conclusions and hypothe- 
ses are confirmed and substantiated by the further researches presented 
in the present bulletin, a large portion of the general discussion of the 
former bulletin is here naturally repeated. Other material which was 
deemed essential for an intelligent and convenient treatment of the 
present paper,“is also repeated. 


PRINCIPLE OF THE METHOD. 


The determination of the freezing-point lowering of soils and conse- 
quently the concentration of their soil solution, is based upon the well 
known principle that the freezing point of water is lowered by the 
presence of soluble material and that the degree of the lowering is pro- 
portional to the amount of soluble material present in the case of non- 
electrolytes; and somewhat greater than proportional in the case of 
electrolytes before infinite dilution is reached. From the freezing point 
depression the concentration of a solution can be estimated. Since the 
soil solution contains soluble material dissolved from the soil mass which 
it bathes, its freezing point will be lowered according to its concentration. 


DESCRIPTION OF THE METHOD AND THE PROCEDURE. 


For determining the freezing point lowering of soils the Beckmann 
apparatus was again employed but with many radical modifications. The 
complete set of apparatus used is shown in Fig. 1. It is composed of a 
Beckmann thermometer A, a glass tube B which contains the soil, a larger 
glass tube C which acts as an air jacket, and the cooling bath D which 
contains crushed ice and NaCl. The glass tube B is 1 inch in diameter 
and 9 inches long, while glass tube C is 1.5 inches in diameter and 6 
inches long. The cooling bath D which is different from that used in the 
first investigation, consists of two earthen-ware jars one inside the 
other. The outer jar is of 4-gallon capacity and the inner of 2-gallon 
capacity. The space between the two jars is filled with asbestos. In 
order to keep this asbestos dry the upper part is made water proof with 
paraffin and thus prevents any water falling into the space between the 
two jars. The top of the bath is covered with a board which contains 
several holes for placing the tubes into the ice mixture. This form of 
cooling bath proved more satisfactory than the Beckmann bath employed 
in the first investigation. 

The temperature maintained in this bath varied with the depression 
of the soil. For soils with high moisture content or with a very small 
lowering of the freezing point the temperature was maintained at about 
—2°C. For soils with very low water content or with very high freezing- 
point lowering, the temperature was usually kept at about —3°C. 

For calibrating the thermometer or determining the freezing point of 


STATE BOARD OF AGRICULTURE. 


560 


Da de lo Ta 
——*<—*;”;~”x{*7x[[|[—_roooeo 
apes ee 


Maal 
ST eee KT cel kes 


NARS EBAAQAVSSVBVS = QAR S Se 


Fig. 1. Apparatus for determinin 


g the depression of 


soils. 


EXPERIMENT STATION BULLETINS. 561 


water a second cooling bath was employed. This bath was exactly the 
Same in form as the above, except that its temperature was maintained 
at about —5 or —6°C. It was found necessary to have this second cool- 
ing bath with such high temperature below zero degree because water 
would not freeze very readily at the temperature of —2 or —3°C of the 
first bath, but it would at the temperature of —5 or —6°C. Also, since 
the thermometer was calibrated with distilled water very often in the 
course of a series of freezing-point lowering determinations it was found 
very convenient and time-saving to have a separate cooling bath with the 
proper temperature. 

The original procedure of determining the freezing-point lowering of 
soils was considerably changed in the second investigation. In the 
present investigation the following procedure was employed: First, the 
thermometer was set so that the mercury thread would come to rest 
toward the upper part of the scale when the bulb was held in a mixture 
of pure ice and distilled water. The freezing point of distilled water 
was then determined and this point was used as a standard for ascertain- 
ing the freezing point lowering of soils. Then the freezing point of soils 
was ascertained by placing in the tube B a column of soil of about an 
inch in height and inserting the bulb of the thermometer into this column 
of soil until it was completely covered. The tube containing the soil 
and the thermometer was placed directly in the cooling mixture through 
one of the holes in the cover and allowed to supercool to about 1°C. 
Then by holding the tube near its mouth with one hand and with the 
other moving the thermometer, solidification was started in the soil. 
Immediately upon the commencement of solidification, as indicated by 
the rise in temperature, the tube was at once taken out of the cooling 
mixture and put in the air jacket. The temperature was allowed to 
rise until it came to rest at a certain point on the scale and remained 
at that point for some time. This maximum temperature obtained was 
considered as the proper freezing point of the soil and recorded. The 
thermometer was always tapped before taking the final reading. 

By placing the soil to cool directly in the cooling mixture instead of 
in the air jacket as was done previously, the desired supercooling was at- 
tained in a very short time, usually in about 10 minutes. Also by main- 
taining the temperature of the ice mixture at —2 or —3°C the loss of 
heat from the soil was considerably less than that at —5°C as used in 
the first investigation, and consequently the error, if any, in the results 
was smaller in the low temperature below zero than in the high. 

If the temperature of the bath was greater than —2 or —3°C, solidifi- 
cation would start in the soil before supercooling had taken place, and 
of course the proper freezing point of the soil could not be accurately 
ascertained. But if the temperature of the cooling mixture was not 
greater than the above limits no difficulty would be experienced in super- 
cooling the soil. 

It was not found advisable to reduce the decree of supercooling. A1- 
though 1°C supercooling is considerable, it is believed that no serious 
errors arise therefrom. 

For preparing samples of soil to determine their freezing-point lower- 
ing the following method was employed: For low moisture content about 
20 grams of air dry soil was taken in the case of sandy loams, silts, and 
clays, about 30 grams of sands, and about 10 grams of mucks and peats, 
and mixed well with the desired amount of water. The mixing consisted 
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of working the soil between the fingers and passing it through a sieve 
several times. When the sample appeared quite uniformly moistened 
it was placed in a freezing tube, the latter closed with a rubber stopper, 
and the soil allowed to remain in the tube at room temperature for about 
24 hours. At the end of this period the lowering of the freezing point 
of each sample of soil was measured in the tube in which it was originally 
placed. 

For very high moisture content somewhat larger amounts of soil 
were taken. These soil samples were put in a large evaporating dish, 
the desired quantity of water added to them, and then mixed and worked 
with the hands. When sufficiently mixed they were placed in the tubes, 
and their freezing-point depression was determined in the same manner 
as above. Those soils which had a tendency to be sticky at the high 
moisture content were placed in the tube most conveniently by making 
the wet sample into a round elongated stick and dropping it into the 
tube. 

Whenever it was desired to ascertain the freezing-point lowering of a 
soil just as it came from the field, it received no other treatments except 
thorough mixing. 

The object of thoroughly mixing the samples, especially at the low 
moisture content, was to moisten all the particles of the soil. If some 
particles of a soil sample were not moistened, the freezing point lower- 
ing would not be accurately determined. But if they were all sufficiently 
moistened so that their film would freeze upon supercooling the freezing- 
point depression attained would be an average of the depression of all 
the various particles. 

The freezing-point depression of all soils could be measured from any 
maximum moisture content down to a very low water content. The mini- 
mum percentage of moisture is probably slightly below the wilting co- 
efficient of soils. Below this minimum water content solidification could 
not be induced, at least very readily, and the results could not be de- 
pended upon. One of the principal reasons for this is that there is not 
sufficient free water present to separate upon freezing to bring the tem- 
perature of the system to its proper freezing point. 

At the high moisture content the freezing point lowering of a soil © 
could be duplicated almost exactly at successive freezings, but at the low 
moisture content the duplicate determination would vary but the varia- 
tion was always consistent. The explanation for this phenomenon will 
be offered subsequently. 

The difficulty previously experienced in the sudden change of the cali- 
bration of the thermometer was met also in the present research. This 
change did not always happen but it did occur occasionally. The amount 
of change was usually insignificant and in the case of soils short of 
saturation, could be ignored. To guard, however, against any error aris- 
ing from this source, the thermometer was calibrated very often during 
a series of freezing-point lowering determinations. 

It should be emphasized that the foregoing description of the apparatus 
and procedure contains mainly the important improvements and modifi- 
cations made during the course of the second investigation. For fuller 
and more complete details of the method and procedure the reader is re- 
ferred to the first paper already mentioned. 

Having given a brief description of the method, a consideration of 
the experimental results is next in order. 
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EXPERIMENTAL DATA. (a) 


THE FREEZING-POINT LOWERING OF SOILS AT LOW AND HIGH MOISTURE 
CONTENT. 


In accordance with the foregoing improved method the freezing-point 
lowering of a great number of soils was determined. These soils varied 
greatly both in type and origin. They were obtained from ten different 
states and were supposed to represent the typical types of these respec- 
tive states. In these states are included California, Washington, Wis- 
consin, Minnesota, Michigan, Kentucky, Texas, Florida, Rhode Island, 
and Pennsylvania (5). From many of these states nearly all the main 
and important types existing in them were employed in this investiga- 
tion. In all 58 soils were used. The object of procuring soils from the 
different states was to ascertain the magnitude of their freezing-point 
depression and hence the concentration of their soil solution. The cul- 
tural history of many of these soils is known for several years back and 
therefore a comparison between the concentration of their solution and 
their cultural treatment can be made. 

All these soils were used in the air dry state. Their freezing point 
depression was determined at two different moisture contents, low and 
high. The object for employing these two opposite and extreme water 
contents was to ascertain the variation in the depression. The low mois- 
ture content represents very nearly the minimum water content at which 
solidification starts very readily and the results can be relied upon. 
These low water contents were selected from a large number tried in each 
soil. It must be emphasized, however, that they do not represent in 
every case the exact point where solidification started readily, but only 
approximately. 

The high moisture content may be taken to represent the point of 
saturation. At this degree of water content the absorptive power of the 
soil for water is quite satisfied. The addition of more water above this 
point remains as gravitational water. 

The magnitude of the freezing-point lowering of the various soils ob- 
tained at the two opposite moisture contents is shown in Table 3. The 
percentage of water is expressed on the oven-dry basis. 

In the same table there are given the magnitude of concentration and 
osmotic pressure that the depression of each soil at both moisture con- 
tents represents. The concentration is expressed in parts per million of 
solid material in one million parts of solution and was calculated directly 
from soil water extracts and not from any particular pure chemical com- 
pound or a combination therefrom. The procedure of accomplishing this 
consisted of mixing 100 grams of soil with 500 c. c. of pure distilled 
water, allowing the mixture to stand for about two days with occasional 


(a) The authors wish to express their gratitude and indebtedness to Mr. M. Wolkoff, a former grad- 
uate student, for his aid in procuring some of the experimental data. 

(5) In procuring these soils from other states the writers are thankful and indebted to Prof. A. Whitson 
of Wisconsin Agricultural College, Prof. Chas. Shaw of California Agricultural College, Prof. G. 
Roberts of Kentucky Agricultural College, Prof. G. S. Fraps of Texas Agricultural College, Prof. W. 
C. Etheridge of Florida Agricultural College, Prof. S. Severance of Washington Agricultural College, 
Prof. F. Alway of Minnesota Agricultural College, Prof. White of Pennsylvania Agricultural College, 
and Prof. Pember of Rhode Island Experiment Station. 
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stirring and then filtering the supernatant liquid through Chamberland- 
Pasteur filters under pressure. A portion of this solution was used to 
determine its lowering of the freezing point and another portion was em- 
ployed to find its total solid matter “by evaporating a definite volume of 
it to dryness and weighing the residue. From the freezing-point de- 
pression of the extract “and. its corresponding amount of solid material 
present the concentration in p. p. m. of solution that is represented by 
the values of the freezing-point lowering of each soil was calculated. 
Thus, for instance, supposing that the lowering of the freezing point of 
the solution was 009° C and the weight of the residue in 100 ce. c. of the 
solution was .020 grams. By calculation, .020 grams of solid material 
in 100 c. ec. of solution is equivalent to 200 p. p. m. of solution. Therefore, 
200 parts of solid material in one million parts of solution caused a de- 
pression of .009°C. By means of this simple calculation therefor the con- 
centration in p. p. m. that the various values of the freezing point lower- 
ing represent, was easily calculated. 

There were a great number of soils representing a large number of — 
types from which soil water extracts were made in order to ascertain the 
relation between the magnitude of the depression and the total solid mat- 
ter present. In Table I there are shown the results obtained on the 
lowering of the freezing point and the weight in grams of solid matter in 
100 c. c. of solution. 


Table 1. Comparison Between Lowering of the Freezing Point and Weight of Residue of Soil Water 


Extracts. 

Weight of 

Freezing residue per 

Filtrates. point 100 c. c. of 

depression. solution. 
°C Gms. 

Kent iekya Carrington. Loaiil .cs..1ceeieasr chess anode encrseclcnciot a anette ete tes steer eite .012 .0127 
Kentucky liaCrosse:saridy 1oamisn sie oo Sait caret ekeetenn cre clot ctor .012 0132 
Pennsylvania Silt loam: 15... serciocisiestet bole ak aid Soa eee leon Ieee eee .002 0075 
Rennsylvania silGloaim. n> ace steerer eon aie oe Cn nee 002 0056 
Teéxas.Crawtord. Cla yais2< aie pein tee Crhiois be aah onde oanele ee ee .009 0236 
Texas, Drowllish-plack- loam 5% che dieresuc wei a elas re eoie wrens eter ameaterereene .002 0097 
sLexas) Norfolk: sandy loamGrwt: Acco. fates pio lee reer ee ein .002 . 0062 
California Chinosilty, clay loam -..1,c1 4s See eit Oro een 007 .0214 
Cahfornia Holland Woaml: 5s: hecc < beso ciao Se Ue terrenae 002 0055 
@alifomia Oakleysine sandy, loadin, cee serine cctoietotareie tietenela clerenerersto 002 .0043 
Wisconsin ‘Supenioriclaiy: secre. sfasecie ale cusualaneeleyecaicrs Maus Peta eeeie es mine .002 .0076 
WAG oni boheb sil apie ees anh oped doso doen doopomcb edo soar .008 .0146 
Wisconsin, Plainficld-fine sand sce, 4 oe cress caik cen, oletaree! Sateropciow eienetauer akon rlies 002 .0044 
Minnesota Clay’. <.: Kclonsus whesecotsust seed enon One Tae ck dian enol DICT oie cite ae einen: 004 .0185 
Minnesota; sandy loam yarn. se oe clabrere che cienle stom tcete eine rein cee ite. neichemere s(oyi lat 0255 
Minnesotaisand 2. 3345 Sas Sine, Soe ae el iaie eal ane a Sree ae ee 002 0057 
HlOLidaweralrie: SANG = =. iscsi sh aene Soe site sea dee oe CE eee 002 0064 
Blomdarterainie Sands 23 55 51d wicttiie ator cveiste (tehouonounte wickets castorate: eke 002 .0062 
HlopidarPrairieisand 3322 nos. dake Fe ete ies eine cabee ee . 002 0051 
Machisanphea vy: Silt loam ist. cS evae oes oe ne ee ieee cea . 006 .0100 
Michigan ied vay SiltloOall os 57) 5: reoslnecnsre cake ee ai hiare eerie een Sea ane .007 .0263 
Michiganlight clay loans: vcs weie sci e c1o.c) oe Sean Emre .005 .0161 
Michiran heavy: siltploaim ers oa ticcice as oe cae Pro eon eae .004 0101 
Michigan fine sandiyclOamn:: bsg iocese son oil stoves cvs ota etonsi bee rota ahaha tetas netene .009 .0150 
NECN SAT KSAT Mca cement eh Bite eter Ret ertoaereic lee kescacio cae e cldkehe Ran eae 004 0094 
Michi¢amfine (sand... My. geet dee cbr mee peel ciate aver iat ea aon eerriacenoe eae .003 .0051 
Michicandieht sandy. loam sere. ae eae eos ciaicitlo’s ohne meio eine eae .007 .0273 
MEIGHIS a UGK, 2); 5 therticaahe eke eee eee Loe i eisis "Sei phon ee ee ee ais O11 .0527 


Michigan: Deatisicccicy. «athe ce eee Mie TRE coh Ne eee LE ee .O11 . 0606 
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It will be seen from the above table that with few exceptions there is 
quite a close relation between the degree of lowering of the freezing-point 
and the weight of the solid matter in solution. On the other hand it will 
also be observed that both the depression and the weight of the residue 
vary considerably between the solutions of the various soils. Thus, for 
instance, the depression varies from .002°C in some of the sands to .012°C 
in some of the loams, while the weight of the residue ranges from .0045 
grams in some of the sands to .0263 grams in some of the loams. 

At this point it should be mentioned that it is questionable whether 
all the residue represents material which was in solution and affected 
the depression of the freezing point. It appears very possible that some 
cf this residue consisted of solid particles of microscopic size. Although 
the solutions were passed through the Chamberland-Pasteur filter and 
appeared very clear, they still could contain solid particles of micro- 
scopic size which had no influence upon the freezing-point depression. 
In the light of our present knowledge of colloids the soil solutions may 
be considered in part at least as colloidal solutions and may contain 
solid particles of microscopic size which are able to go through the 
various common filters. 

In spite of the error caused by the colloidal particles in the residue, 
it is believed that a more true estimation of the concentration repre- 
sented by the freezing-point depression values can be obtained from the 
soil water extracts than from pure chemical solutions. 

For performing the actual computation of the concentration of the 
soil solution of the various soils as represented by the freezing-point 
lowering, an average was taken of the depression and of the residue of 
all the soils shown in Table 1 except the muck and peat. From these 
averages the amount of depression that 100 p. p. m. produced was cal- 
culated. The average depression amounts to .0041°C. For the calcula- 
tion of the concentration of the solution of peat and muck, the depres- 
sion and weight of residue obtained from the extracts of these soils, 
were used. It would undoubtedly have been better to have used also the de- 
pression and weight of residue of the extract of each mineral soil to 
compute the concentration of its solution, rather than to employ the 
above average. By using the average the concentration of the solution of 
some soils is much higher than it should be, while that of others some. 
what lower. 


The osmotic pressure was calculated from a table of osmotic pressures 
as worked out by Harris and Gortner (6) from a formula 7 — 12.06 A 
— 0.021 « *, where z is the osmotic pressure in atmospheres, and 
the lowering of the freezing point in centigrade degrees. Fon conyen- 
- lence and immediate usefulness this table is reproduced herewith. 
~ (6) Am. Jour. Bot. 1, 75-78, 1914. 
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Table 2. Osmotic Pressure in Atmospheres for Depression of the Freezing Point to 2.999 °C. 


Hundredths of Degrees, Centigrade. 


|... 0 1 2 3 | 4 5 6 7 8 9 
| 

= eet re 

‘0.0 } 0.000 | 0.121 | 0.241 | 0.362 | 0.482 | 0.603 | 0.724 | 0.844 | 0.965 |- 1.085 
0.1 | 1.206 | 1.327 | 1.447| 11458 | 1.688! 1:809| 1:930| 2:050| 2.171 | 2.291 
0.2] 2.412 | 2:532 | 2.652) 2:772 | 21893 | 3.014] 3.134 | 3.255] 3.375| 8.496 
0.3 | 3.616 | 3.737 | 3.857 | 3:978 | 41098! 4/219 | 4.339 | 41459 | 41580] 4.700 
0.4| 4.821 | 4.941 | 5.062 | 5.182 | 5.302 | 5.423 | 5.543 | 5.664 | 5.784 | 5.904 

i 

0.5 | 6.025 | 6.145 | 6.266 | 6.386 | 6.506 | 6.628| 6.747 | 6.867| 6.988] 7.108 
0.6 | 7.229! 7.349 | 7.469 | 7:590| 7.710 | 7.830] 7.951 | 8.071] 8.191 | 8.312 
0.7 | 8.432 | 8.552 | 8.672 | 8.793 | 8.913 | 9.033 | 9.154 | 9.974] 9.394 | 9.514 
0.8 | 9.635 | 9.755 | 9.875 | 9:995 | 10:12 | 10:24 | 10:36 | 10:48 | 10.60 | 10.72 

0.9 | 10.84 | 10.96 | 11.08 | 11.20 | 11:32 | 11:44 | 11:56 | 11:68 | 11:80 | 11.92 

1.0 | 12.04 | 12.16 | 12.28: | 12.40 | 12.52 | 12.64 | 12.76 | 12.88 | 13.00 | 913,12 

1.1 | 13.24 | 13°36 | 13.48 | 13:60 | 13:72 | 13:84 | 13:96 | 14.08 | 14.20 | 14.32 

1.2] 14.44 | 14.56 | 14:68 | 14:80 | 14:92 | 15:04 | 15:16 | 15.28 | 15.40 | 15.52 

1.3 | 15.64 | 15.76 | 15.88 | 16.00 | 16.12 | 16.24 | 16.36 | 16.48 | 16.60 | 16.72 

1.4 | 16.84 | 16.96 | 17.08 | 17.20 | 17.32 | 17:44 | 17.56 | 17.68 | 17.80 | 17.92 

1.5 | 18.04 | 18.16 | 18.28 | 18.40 | 18.52 | 18.64 | 18.76 | 18.88 | 19.00 | 19.12 

1.6 | 19.24 | 19:36 | 19.48 | 19:60 | 19:72 | 19:84 | 19:96 | 20:08 | 20:20 | 20.32 

1.7 | 20.44 | 20.56 | 20.68 | 20.80 | 20:92 | 21:04 | 21:16 | 21:28 | 21:40 | 21:52 

1.8 | 21.64 | 21.76 | 21:88 | 22:00 | 22:12 | 22:24 | 22:36 | 22:48 | 22.60 | 22.72 

1.9 | 22.84 | 22:96 | 23.08 | 23:20 | 23:82 | 23:44 | 23:56 | 23:68 | 23.80 | 23.92 

2.0 | 24.04 .| 24.16 | 24.28 | 24.40 | 24.52 | 24.63 | 24.75 | 24.87 | 24.99 | 25.11 

2.1 | 25.23 | 25.35 | 25.47 | 25:59 | 25:71 | 25.83 | 25.95 | 26.07 | 26.19 | 26.31 

2.2 | 26.43 | 26.55 | 26.67 | 26:79 | 26.91 | 27.03 | 27.15 | 27.27 | 27:39 | 27.51 

2.3 | 27.68 | 27.75 | 25.87 | 27:99 | 28:11 | 28:23 | 28:34 | 28.46 | 28.58 | 28.70 

2.4 | 28.82 | 28.94 | 29.06 | 29:18 | 29:30 | 29:42 | 29:54 | 29:66 | 29:78 | 29.90 

2.5 | 30.02 | 30.14 | 30.26 | 30.38 | 30.50 | 30.62 | 30.74 | 30.86 | 30.98 | 31.09 

2.6.{ 31.21 | 31.33 | 31.45 -| 31.57 "| 31.69 | 31.81 | 31.93 |-32.05 | 32.17 4 eee 

2.7 | 32.41 | 32:53 | 32.65 | 32.77 | 32:89 | 33.00 | 33.13 | 33.25 | 33136 | 33.48 

2.8 | 33.60 | 33:72 | 33:84 | 33:96 | 34:08 | 34:20 | 34:31 | 34:43 | 34:56 | 34.68 

2.9 | 34.79 | 34.91 | 35.04 | 35.16 | 35:27 | 35.39 | 35.51 | 35.63 | 35.75 | 35.87 


The osmotic pressure corresponding to depression of hundredths of 
degrees may be read directly from the table. Furthermore, for all practi- 
cal purposes the first differences x 0.1 may be taken as 0.012; hence, pres- 
sure when 4 is read to thousandths of a degree may be at once determined. 
Thus, suppose A to be 1.244. For a == 1.24° P = 14.92 atmospheres; 
4 x 0.012 = 0.048; 14.920 plus 0.048 = 14.968, total osmotic pressure in 
atmospheres. 

The lowering of the freezing point of the various soils then at the two 
opposite moisture contents together with the calculated concentration in 
p. p.m. of solution and the osmotic pressure in atmospheres that these 
values of the freezing-point depression represent, are shown in Table 3: 
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Table 3. Freezing point lowering and the corresponding concentration and the osmotic pressure of various 


types of soil at low and high moisture contents. 


Heavy silt | Heavy silt | Heavy silt Light silt Heavy silt Light clay 
loam (1). loam (2). loam (3). loam (4). loam (5). loam (6). 
| 
Percentage of Moisture............ 16.64 |38.30 |17.08 |40.65 |14.22 |38.46 |12.65 |38.67 |13.45 |38.29 11.54 |32.50 
Freezing point depression 1.370} .007| 1.010] .020) 1.120] .025} 1.170} .038] 1.200) .029) 1.090) .022 
Parte Per ai WOM vecraiwicrarete = aistavei sete 33,415|171 24, 636/488 27,320)|610 28 , 540| 927 29,270 707 26, 590/537 
Osmotic pressure...........-..4-- 16.48 .084/12.16 | .241)13.48 .301/14.08 458/14 44 | 350/13 .12 265 
Heavy silt | Very light Light silt |Heavy sandy | Fine sandy | Sand (12). 
loam (7). silt loam (8).| loam (9) loam (10). loam (11). 
; | | 
Percentage of moisture............ 7.00 }26.53 |11.28 |32.37 |13.30 |38.45 {11.15 |32.13 | 6.89 |26.46 | 2.43 |20.27 
Freezing point depression ......... 1.100} .029} .900) .025| 1.000; .018 '800| .046; .890) .030; .380| .015 
Parts perimuiion'). 3 scnuccecccee cs 26,830) 707 21, 950/610 24,390 439 19,510) 1, 122/21, 710|732 9, 268/366 
Osmotic pressure........0.cee0sss 13.24 .350/10.84 -301)12.04 | Als | .554/10.72 | .362| 4.58 | .181 
Toke anni Texas, Houst-| Texas Craw- | Texas brown-| Texas black | Texas Nor- 
eae (13). ton black ford clay. ish black |: sandy loam | folk sandy 
d clay (14). (18). loam (16). (17) loam (18). 
: | [ | 
Percentage of moisture............ 7.20 |20.33 |21.97 |42.42 |18.29 |33.90 |11.38 |27.63 | 9.87 |27.73 | 3.53 |16.37 
Freezing point depression..........| .590| .053| .748) .054| .455| .060) .608] .038) .128} .040) .273) .058 
Parts permmlOls snes ot eoe eae 14,390) 1,293)18, 246) 1,317/11,100) 1,463) 14, 830/927 3,122\976 6,658) 1,415 
Osmotic pressure.......+-e:.seee- 7.108) .639 apie) -651| 5.483] .724| 7.325) .458] 1.434) .482) 3.291) .700 
ee See | os pe a | es 
Texas fine | Washington Washington | Washington | Washington | Washington 
sandy loam | heavy silt | fine sandy silt loam clay loam fine sand 
(19). loam (20). loam (21). (22) (23). (24), 
Percentage of moisture............ 3.48 |16.88 |14.03 |44.70 | 9.00 |33.83 |10.60 |32.17 |12.78 |32.59 | 8.00 |31.72 
Freezing point depression.......... .293) .028) .903| .045) 1.245) .028) 1.253) .025) .820) .048 1.450) .187 
PATES PETSMMILION «alse sis< occ eve as © 7,146| 683 22,020) 1,098)30, 370) 683 30,560/610 20,000) 1,171|35,370) 4,561 
Osmotic pressure............2.: cane aoe | 542 11552| .338)15.40 | .301) 9.875] .579)17.44 | 2.255 
; | aes] SES Ares oo — == 
stare Hie Wisconsin | Wisconsin git a F 
Washington | \yiseonsin | Carrington | Carrington | qyrem‘ sit | Miamtsilt 
Sand (25). clay (26). silt loam silt loam. . loam (29). loam (30). 
(27). (28). 
Percentage of moisture............ 4.44/24 10 |18.85 139.40 12.52 lao 74 11.36 |31.86 | 8.86 |36.07 | 7.21 |30.41 
Freezing point depression.......... 630) .116) 1.200} .017)11.248| .043} .689} .035) .802} .029/ 1.080) .029 
Panta per aulioners ce-ay oa ceethlon 15,370] 2,829129, 268\415 30.440! 1,049 16, 800/854 19, 560|707 26,340)707 
Osmotic pressure.............+06- 7.590} 1.399 ee .205/14.80 | .518| 8.300} .422! 9.659] .350/13.00 | .350 
Wisconsin Wisconsin . Minnesota . Pennsylvania 
Colby silt Plainfield ee sandy loam Te silt loam 
Joam (31). | F.S:(32). | C8Y 2: (34). cae : (36) 
Percentage of moisture............ 12.10 |37.98 | 5.00 |24.65 |22.39 |39.83 |11.54 |34.21 | 4.62 oe 8.43 |32.82 
Freezing point depression.......... .863| .025| .260} .015) .987| .075| .969| .019} .433| .023) .900) .025 
Paris of. millyon. cence. sees eta 21,050) 610 6,342|366  |24,070 1,829)23, 630 463  |10,560/561  (21,950)610 
Osmotic pressure............2000- 10.72 | .301/31.34 | .181/11.56 | .904)11.56 | .229) 5.218) .277/10.84 | .301 
| . 
Pennsylvania | Pennsylvania | Pennsylvania | Rhode Island | Rhode Island Fanci 
silt loam silt loam silt loam sandy loam | sandy loam ely loantt 
(37) (38) (39) (40) (41) 43) 
Percentage of moisture............ 7.68 |33.18 |10.16 |34.42 | 8.72 |33.87 | 9.62 |37.07 | 9.96 |34.12 |39.28 loo.76 
Freezing point depression .995| .025| .690) .030} .870} .020]) .620) .055) .940) .020) 1.075] .039 
Parts per million .|24,270/610 16,830) 732 21, 220/488 15,120} 1,342|22, 930/488 26,220 951 
Osmotic pressure...........200..- 11.98 | .30J| 8.312} .362/10.48 .241| 7.469) .662/11.32 241/12 .94 | .470 


| 
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Raley K k Kentucky Mans ; 
Marshall | Miami Kofuty LaCrosse | Prairie | Praivie 
silt loam silt loam silt loam 

43 | (44) loam (45). (46) sand (47). sand (48). 
Percentage of moisture............ 14.37 37. 89 | 6.98 |25.48 |15.26 138.48 | 8.23 |24.86 | 4.00 124.06 | 5.23 |23.98 
Freezing point depression.......... .785| .021) .640) .031) .672} .019) .423] .044] .290 022} .110} .029 

Barts ner milion wise ss eee steam. cine 19,150\512 | 15,610|756 16,390)}463 10,320) 1,073) 7,073|537 2,683] 707 
Osmotic: pressure. \.3.0.<ke bese ek 9'454| 253) 7.710] .874| 8.095] 229 5.098; .530) 3.496) .265] 1.329) .350 

Florida | Cal. Chino California California | Cal. Hartford pospea 

Prairie silt clay Ramona clay Holland fine silt ‘itl ne 

sand (49). loam (50). loam (51). loam (52). loam (53). B} (54) 

| 5 
| | 

Percentage of moisture............ 5.16 |22.45 |22.46 |37.26 |17.52 |30.11 | 8.79 |25.14 | 7.09 |25.42 | 6. sf 8 65 
Freezing point depression.......... .183}  .010 -920| 089), 7-667!) 2060! 2763] » 013i) 200) s02p 025 

Partsyper millioniatctes ss seems os. 4,463|/244  |22,440, 2,171/16,270) 1,463]18, 610/317 4,878)610 5,602 610 
Osmoticipressures 2 joan. eo taene. 2.207) .121/11.08 | 1.073) 8.035} .724) 9.190] .157| 2.412} 301) 2.917) .301 

Cal. Oakley 
F Quartz i 
ae ay sand (56). Muck (57). Peat (58). 
| 

Bercentazeyolmorsnire wrote eee cries eee Seinen Eee 7.68 |16.28 | 1.50 }15.0 |75. ie 134.39)61.28 |203.54 

Preezing polutidepresslons . 6 sea sen eetiecioe eric coke eee nee .899| .028} .070] .007 .048} .420) .040 
Parts per mi lHOn-aprttncien isis reece ont ne ane eee eee 9,731 |683 12705) 2170:23; “500 2,400/23,333) 2, 999 
Osmoticipressiiretn. ect sen ee ee ern ee ee 4.809] .350} .844) .034 56h .578|.5.062)} .482 


| 


The data presented in the above table agree exactly with the similar 
results obtained in the first investigation. They show (1) that the lower- 
ing of the freezing point of soils is entirely different at the opposite 
moisture contents in all the different soils; (2) the degree of the depres- 
sion is rather small at the high moisture content and varies quite ap- 
preciably in the different soils, while at the low moisture content it is 
tremendously high and varies considerably in the various soils. At the high 
moisture content the lowering of the freezing varies from .010°C in the 
case of sands to .075°C in the case of some clay loams and clays, while 
at the low percentage of moisture it ranges from about .110°C in some 
of the sands to about 1.870°C in some of the loams and clays. The de- 
gree of depression for heavy sandy loams, silt loams, clay loams, and 
clays tends to be above 1°C at the minimum water content, while that of 
sands and very light sandy loams lies as a rule close to 0.4°C. The 
percentage of moisture of the quartz sand, many of the sands, and light 
sandy loams at the minimum water content at which these small depres- 
sions were obtained is extremely low, only a little above the hygroscopic 
point. Thus, the percentage of moisture of the quartz sand and one of 
the sands is only 1.5 and 2.48 respectively. Yet at this extremely low 
water content the quartz sand gave a depression of only .070°C and the 
sand .380° C. While the percentage of water in the loams, silts, and clays 
at the minimum percentage of water at which the great depressions were 
obtained, is comparatively very high. Thus, the Kentucky Carrington 
clay loam and the Minnesota clay contain 39.28% and 22.39% of mois- 
ture respectiv ely. Yet at this apparently high moisture content the 
lowering of the freezing point of the Kentucky Carrington clay loam is 
1.075°C and that of the Minnesota Clay .987°C. 

The significance of the differences in the moisture content and the 
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corresponding depressions between the light and heavy types of soil will 
be revealed subsequently. In the meantime the reader is warned not to 
conclude that the variation in the depression between the different types 
of soil and especially between the closely related types signifies absolute 
difference in total salt content. This is on account of the fact that the 
free moisture content of the different soils is probably not exactly equiv- 
alent, and free water, as will be subsequently seen, is one of the con- 
trolling factors in the freezing point lowering. 

The degree of concentration in parts per million of solution and of 
osmotic pressure in atmosphere is also very different at the two moisture 
contents and in all soils, which, of course, is quite natural. At the high 
moisture content the concentration varies from 366 p. p. m. in the case 
of sand (Soil No. 12) to 1829 p. p. m. in clay (Soil No. 83). The osmotic 
pressure in the same soils range from .181 to .994 atmospheres in the 
sand and clay respectively. At the low percentage of moisture the con- 
centration ranges from 9268 p. p. m. in the case of sand (soil No. 12) to 
33,415 p. p. m. in the heavy silt loam (soil No. 1). The osmotic pressure 
for the same soils is 4.58 and 16.48 atmospheres for the sand and silt 
loam respectively. 

The data in Table 3 also reveal the remarkable fact which was observed 
iz: the original investigation, namely, the lowering of the freezing point 
increases in all soils with the exception of quartz sand and possibly of 
some of the extreme types of sand, at a far greater rate than the per- 
centage of water decreases. In other words the ratio of the freezing- 
point depression and of the percentage of water are not inversely pro- 
portional (approximately) as might be expected, save only in the quartz 
sand and some of the sands. Thus, Minnesota clay (Soil No. 33) at 
39.83% of moisture gave a depression of .075°C and at 22.39%, .987°C, 
the ratio of the percentage of water at the low and high moisture con- 
tents is only 1.78 while that of the depression is 13.16. Kentucky Car- 
rington clay loam (Soil No. 42) which at 92.76% of moisture produced 
a lowering of the freezing point of .039°C while at 39.28%, 1.075, shows 
a ratio of 2.37 in percentage of water and 27.56 in the lowering of the 
freezing point. In the case of the quartz sand, however, the ratio of the 
depression is directly inversely proportional to the water content. Thus, 
at 1.5% of water the depression is .070°C and at 15%, .007°C, the inverse 
ratio, therefore, being 10 to 10 respectively. Apparently the quartz sand 
yields entirely different results from those of the soils, especially the 
heavier types. 


MATHEMATICAL LAW WHICH THE FREEZING-POINT LOWERING OF SOILS AT 
DIFFERENT MOISTURE CONTENTS FOLLOWS. 


In the first investigation it was discovered that the results of both the 
quartz sand and of the soils followed distinct and definite mathematical 
laws. The results of the quartz sand and sands could be mathematically 
expressed by the simple equation M:D = K, where K is a resultant 
contant, M the percentage of moisture content and D, the observed de- 
pression of the freezing point. While the results of the other soils fol- 
lowed an entirely different mathematical law and indeed the geometric 
progression law. That is, the lowering of the freezing point of the soils 
increased in a geometric progression while the percentage of water de- 
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creased in an arithmetic progression. The results of the soils, therefore, 
could be mathematically expressed by the equation D — A-R®-1, where 
D is the depression of the freezing point, A the first depression, R the 
ratio of any depression (except the first) to the preceding one, and n the 
number of the depression. According to this formula, if the lowering of 
the freezing point of a soil was experimentally determined at two dif- 
ferent moisture contents, it could be calculated for any other moisture 
content. 

This phase of the original investigation was also restudied in the 
present work. As in the former case the procedure consisted of prepar- 
ing a large number of samples of soil at different moisture contents, 
allowing them to stand in room temperature over night, care being taken 
to prevent evaporation, and then determining their lowering of the freez- 
ing point in the usual way. The quantity of moisture added was in- 
creased by equal amounts and the sample was prepared as rapidly as 
possible so that there would be the least possible loss of water through 
evaporation. The results obtained for quartz sand and for a few types 
of soil are represented in Tables 4 and 5, respectively. 


Table 4. Lowering of the Freezing Point of Quartz Sand 
at Various Moisture Contents. - 


Observed 
Percentage of lowering of the Constant 
Moisture. reece pout. K. 
2 091 182 
6 027 162 
10 018 180 
14 012 168 
18 .009 162 
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Table &. Lowering of the Freezing Point of Various Types of Soils at Different Moisture Contents. 


Humus Loam. Clay Loam. 
Observed | Calculated Observed | Calculated 
Percentage lowering lowering Percentage lowering | lowering 
of of the of the of = of the of the 
moisture. freezing freezing moisture. freezing freezing 
point. | point. point. | point. 
°C | XG; 1G; SIG) 
10 DAS S ee Nereere carters steel 10 1226) 0 EE Se, Sere aes 
12 970 921 12 928 1.161 
14 580 608 | 14 583 8790 
16 440 3625 16 374 5522 
18 245 275 18 283 3543 
20 203 1531 20 209 2681 
22 167 1269 22 175 1980 
24 128 1044 24 138 1658 
26 096 080 26 099 1307 
28 068 060 28 065 | 0938 
30 043 0425 30 048 0616 
32 025 0268 32 043 0455 
34 016 0156 34 038 0407 
36 010 010 36 036 036 
38 006 OOG ZO al Se Seren orevotetie cet | ebertereke neue atoboretave\|akonayacerebeyereletatsyerenet s 
Silt Loam. | Sandy Loam 
16 SUE EC lnagontnertomoat 7.0 BS (Ue Spier Oma D Cio. coc 
18 530 .7420 9.0 215 .2835 
20 321 4846 11.0 132 .1612 
22 202 . 2802 | 13.0 088 .0990 
24 092 .1763 15.0 063 . 0660 
26 077 .0831 17.0 041 .0472 
28 071 0672 19.0 032 .0307 
30 062 -06198 21.0 024 .0240 


Considering first Table 4 which contains the results of the quartz sand 
it will be seen that by multiplying the percentage of moisture by its 
corresponding depression a constant or factor is obtained which is re- 
markably the same for all percentages of water content. These results 
of the quartz sand, therefore, follow the mathematical law of inverse 
proportionately and confirm entirely the results and conclusions of the 
first investigation. 

It should also be recorded that a similar constant is obtained even 
when the quartz sand is treated with a salt solution, allowed to dry, and 
then its depression determined at different moisture contents. 

Examining next Table 5 which contains the typical datat obtained in 
soils, it will be at once observed that these results are entirely different 
from those of the previous table. In the first place they do not follow 
the inverse proportionality law but the geometric progression law, that 
is, the lowering of the freezing point increases in a geometric progres- 
sion as the water content decreases in an arithmetic progression. The 
closeness with which the results follow this law can be judged by compar- 
ing the observed and calculated depressions. The calculated values were 
obtained by dividing the last observed depression in each soil by the one 
preceding and then multiplying the various observed depressions by the 
ratio or constant thus obtained. A comparison of the two columns 
immediately shows that the calculated values agree quite closely with 
the observed ones. This close agreement is really remarkable considering 
the nature of the soil medium. Those cases where the disagreement is 
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quite appreciable are due to the variation in the moisture content. AI- 
though the successive increament of water added to the same amount of 
soil were accurately measured, yet during the preparation of the sample 
the loss of water that occurred, was undoubtedly not exactly equal in all 
cases. At the lower magnitude of moisture content small inequalities in 
percentage of water make tremendous differences in the depressions. 
it is not surprising, therefore, to obtain the most marked disagreement 
between the observed and calculated values at the lowest percentages of 
water content. Since these results, therefore, follow the geometric 
progression law, the similar data and conclusions in the first investiga- 
tion also stand confirmed. 

This second investigation, like the first one, has shown thus far, there- 
fore, that: (1) at a very low moisture content the lowering of the freezing 
point is extraordinarily high and quite different in the various types of 
soil, being lowest in the sandy types and highest in the clayey types; (2) 
at very high moisture content, however, the freezing-point depression is 
relatively very small and appreciably different for the diverse classes of 
soil; (5) in all the different soils with the exception of quartz sand and 
possibly of some extreme types of sand, the depression of the freezing 
point increases in a geometric progression while the percentage of water 
content decreases in an arithmetic progression; in the case of quartz 
sand, however, the depression increases directly proportionally as the 
percentage of water decreases; (4) the magnitude of concentration in 
p. p.m. and of osmotic pressure in atmospheres that the lowering of the 
freezing point represents at the low moisture content are tremendously 
high, especially in the complex types of soil, but at the high water con- 
tent, they are comparatively low. 

It will at once be admitted, therefore, that these results appear ex- 
tremely unusual and in some respects almost incredible, and do not har- 
monize entirely with the present views concerning the concentration of 
the soil solution. It is almost universally believed, for instance, that 
the soil solution of the average ordinary soils is very dilute, and accord- 
ing to some investigators it is not only very dilute but its magnitude of 
concentration tends to be constant and to remain the same for practically 
all soils. The foregoing results, however, as already seen, diametrically 
oppose these views. 

The unusual rapid increase of the depression with the decrease in the 
percentage of moisture content and the extraordinary high lowering of 
the freezing point at the minimum degree of water content, created some 
doubts as to whether these depressions were really caused by the concen- 
tration of the soil solution and not by some physical factor or factors. 
If they were caused by some physical factors they do not represent of. 
course concentration of solution. Two physical factors which might 
produce such results were suggested: (1) the supposed pressure with 
which the water films are held by the soil particles; and (2) the effect of 
the solid particles upon the freezing-point lowering. As to the first fac- 
tor it was thought that since pressure is known to lower the freezing 
point of water, and if the pressure of the water films increased with the 
decrease in the moisture content, then the depression of the soils would 
be correspondingly increased. As to the second factor it was thought 
that possibly the solid particles themselves might influence the depres- 
sion of the soils. 
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It must be stated at once that a thorough experimentation and a criti- 
cal theoretical examination of both these factors have failed to indicate 
that they are the causal agents of the results noted. Some of the evi- 
dences both experimental and theoretical which bear out very strongly 
this conclusion may be mentioned as follows: (1) The data in Table 5 
show that the depression increases in a geometric progression as the 
percentage of water decreases in an arithmetic progression, consistently 
and uniformally from the highest to the lowest water content. Now if 
the pressure of the films influenced the depression the rate of increase 
should not be the same, but entirely different, since the pressure of the 
films does not begin to be manifested until the moisture content is con- 
siderably reduced. Probably there should be a rather abrupt change in 
the results at the point where the water is reduced almost entirely to 
the film water. 

(2) If the pressure of the films influences the freezing point lower- 
ing of soils at the low moisture content, it should affect it also at the 
high moisture content because after the free water is solidified the re- 
maining water exists in films just as in the low moisture content and 
the effect would more or less constant in both cases. 

(3) There are abundant evidences which go to indicate that 
when the soil mass is sufficiently supercooled and the water be. 
gins to freeze the physically adsorbed water freezes like free 
water, if it freezes at all, and the forces which hold the water 
do not influence the lowering of the freezing point. If pressure or the 
allied forces influence the depression at all, it is in causing some of the 
water in the soil to become unavailable or inactive, and thus not be in a 
free condition to act as a solvent and take part in dissolving the salts 
of the soil. This question, however, will be dealt with more in detail 
subsequently. 

(4) The solid particles themselves do not influence the freezing-point 
depression as proved from the following evidences: (a) The lowering of 
the freezing point of very dilute soil suspensions is practically insignifi- 
cant. (b) The freezing-point lowering of colloids is also so small as to 
be negligible. Indeed one of the characteristic properties of colloids, 
which distinguishes them from the crysalloids, is that they produce 
practically no depression of the freezing point. (c) The depression of 
a solution such as n/10 NaNO, determined in pure quartz sand is almost 
identical with that obtained in the solution itself. Thus the freezing- 
point depression of n/10 NaNO, solution alone was .370°, that of the 
solution with quartz sand .368°C or a difference of only .002°C. 

(5) The washed quartz which a priori would not be expected to con- 
tain a solution of high concentration gave a depression of only .070° C. at 
1.5% moisture, while clay loam which @ priori would be expected te 
possess a solution of very high concentration gave a depression of 1.075°C 
at 39.28% of moisture. 

There are still other evidences which could be brought forward to sup- 
port the view but the foregoing may be considered sufficient. 

The conclusion seems to be inevitable, therefore, that the unusual and 
significant lowerings of the freezing-point noted are caused by and repre- 
sent actual concentration of solution, and therefore contradict the views 
held that the soil solution is very dilute, that its magnitude of concentra- 
tion tends to remain constant, and to be the same for all soils. 
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AN HYPOTHESIS TO EXPLAIN THE INCREASE OF THB DEPRESSION WITH THE 
DECREASE IN THE. WATER CONTENT.- 


No definite and proved theory was offered in the first investigation to 
explain the great increase in concentration of the soil solution with the 
decrease in moisture content. An hypothesis, however, which appeared 
to explain the phenomenon quite satisfactorily was tentatively offered. 
This hypothesis has been carefully considered and critically examined in 
the second investigation and it still appears to present the best explana- 
tion for the phenomenon under consideration, and consequently it is re- 
offered here in practically its original form. 

In this hypothesis it is assumed “that the soil solution contains salts or 
their ions produced by the reaction of the dissolved components of the 
soil minerals, hydrolysis of the minerals, application of fertilizers, de- 
composition of the organic matter, etc. These salts have as a rule a high 
solubility and would require a large amount of them to form a saturated 
solution. They are formed rather slowly and since the frequent rains, 
especially in the humid regions, tend to leach them away only a rela- 
tively small amount of them is present at a time. At a high moisture 
content these salts are greatly diluted and the lowering of the freezing 
point is small. As the moisture content, however, is reduced they are 
concentrated and the freezing-point depression becomes greater. Since 
they are present only in relatively small quantities, they do not form a 
saturated solution, at least many of them do not. 

A critical consideration of the character of the soil system and a 
thorough examination of the available general data of the soil solution 
as obtained through soil water extracts, drainage water and other studies, 
lend considerable support to the above hypothesis. 

A consideration of the soil mass shows that it is a heterogeneous mix- 
ture composed of solids, gases, and a liquid and inhabited by living 
organisms. The solid portion, in normal soils, is composed of mineral 
debris and organie matter, from rock and from animal and plant degre. 
dation and decomposition, respectively. Both of these classes of solid 
matter are gradually being reduced to the liquid state. The organic 
matter, for instance, mainly through the activities of the living organ- 
isms, is rendered soluble, and many organic and inorganic compounds 
are formed, including the nitrates, humic acids, ete. The nitrates may 
exist as NaNO, Ca(NO,)., Mg(NO,)., ete., depending upon the pre- 
ponderance of the base present to unite with the acid radical. These 
nitrate salts have a very high solubility constant and to form a saturated 
solution a very large amount of them is required. Thus, to form a satur- 
ated solution at 20°C would require 83.7 grams of NaNO,, 31.6 grams of 
Mg (NO,)., and 54.8 grams of Ca(NO,), in 100 c..c. of water.) Ti is 
doubtful, therefore, whether a normal soil and especially under humid 
conditions ever possesses a saturated solution in respect to these salts. 
Assuming, therefore, that there is a certain amount of nitrate salts 
present in the soil solution it naturally follows that at a high moisture 
content it is diluted, and as the percentage of water is reduced it be- 
comes more concentrated, hence the lowering of the freezing point would 
tend to increase from the high to the low water content. 

The dissolution of the mineral matter is accomplished by the solvent 
action of water aided by the foreign substances that it may be charged 
with—such as acids, bases, salts, etc. The soil minerals, however, are 
as a rule but slightly soluble and their rate of solution is generally very 
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slow, so slow indeed that it requires months, at least with certain min- 
erals to form a saturated solution. Many if not all of the common soil- 
forming minerals, however, undergo hydrolysis and thereby increase 
their degree and rate of solubility. Their solubility may be further in- 
creased by the addition of soluble compounds yielding non-common ions, 
or by their reacting with some of the minerals to form new compounds, 
or by the dissolved components of the different minerals acting upon one 
another to form new compounds. Finally, the reduction of the soil 
particles into finer division both by climatic weathering and by artificial 
management increases the amount of material that goes into solution 

Through these processes of hydrolysis, chemical reaction between ap- 
plied salts and soil minerals, the reaction of the dissolved components 
of the different minerals, etc., probably there are formed in the soil solu- 
tion salts of high solubility. 

In the analysis of soil water extracts, drainage waters, etc., there 
are found, besides the NO, acid radical, the acid radicals HPO,, SO,, 
HCO,, Cl, SiO;, ete., and the base radicals Na, Mg, Ca, K, Al, Fe, ete. 
These acids and bases could well combine to form such compounds, for 
instance, as CaH,(PO,),, Na,HPO,, K,HPO,, NaHCO,, Mg(HCO,),, 
CaS0O,, Na,SO,, NaCl, KCl, CaCl, Al,(NO;),, AICI,, Al,(SO,),, Fe 
(NO,)., FeCl,, FeSO,, etc. 

That such compounds are formed and do exist in the soil to a greater 
or less extent can hardly be doubted. Both direct and indirect evidences 
strongly support the assumption. For instance, in those regions where 
the rainfall is small and the amount of leaching is consequently slight, 
such as in the arid regions, there is an accumulation of soluble salts 
near or at the surface of the soil, transported from below by the evapora- 
tion of the soil water. Such an accumulation of salts is designated as 
alkali conditions. Similar alkali conditions would doubtless occur even 
in the humid regions were it not for the excessive and frequent rains 
which tend to wash away these soluble salts, and thus prevent their 
accumulation. The soluble salts found wherever alkali conditions exist 
vary in number and composition. Table 6 which has been prepared by 
Lyon, Fippin, and Buckman (7), shows the kind and percentage compo- 
sition of alkali salts in soils. 


Table 6. Kind and Percentage Composition of Alkali Salts in Soils. 


| 
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: oxp’t Fate | Tust. urface. Tust. -72 in. 

Station. Station. 12-24 in. | 

| 
ROU. aes 164. (Oech oe, kai Ge [coterie suatieere moe eeceters 4.00 22.10 
TGS Ole: Boric lier aia eee ae Hit Didi ap Ape See 1.60 DADS i ice ees cre ae gab ee ee 
Ta Ob ee |e athe eae eese los cones See: Ds. LD. \l hoses Se See chaeanheae aie eee Paban swore aceon thetic ais ta cme 
aia ices Neve |2 ale ute chats Oooo DMO ST see scrtore recone 85.57 SOLA eres cere weraltae Site Malone 
NaNoOsz..... 33.07 1S FAFA gl (eee ee ER REN hol APR acts bs Cc Sl MERCER EER nN ERS Mera er ere are Pee 
INGO site cere nee ctoeehs 32.58 TSE S615 Seo ees ce Desel leneyans ister etatell he, Metoterehokess 
ACOs | 6.61 gE 27 Sl lee es eae ee DBs ctawtotes clare 81.15 13.77 
NazsHPO. Die 2iedo, Mi ranbiradin tae cool lal gts late, eC aParafosieete. erates oR eal on aiiite cule tanker oll Sratiet a tacbic. Bret alliGusiet ae arene 
1 Fe S(9 Fi egal aap ole Saeki etl (I aie pes eae gl [ERI Jo 8.90 | OG. | sores certo 6.88 
IMpClss2'2:.). 5 LAE OR SO hes at ae et saSvaal I erect crehes| HAs cr (nce Eee ema i 71 3.98 
CaClier. o.ts SOR, Ft cts ay ie ot | nae SR RE ER ea ee are © ieee soe Qe br aici ete eave 
WEL CONSE: ailen Peon odthoete te callt eo cle erates 36.72 0.67 22.06 0.28 21.02 
CaSOG 2: DAA Nie even hen a tie aod 1.87 Adal 10.07 6.61 32.25 
CaCO si awicet sion ce nie eh earae ences GRAS MIR Tae Sofas Weiieteta a veins [ei cPe ste hettaabetotevers ote Gare 
Mie GH OO) ah ltiat ons. ecciaetel one a2 cee ee LOGS 7136 reels CREP nA sk GIA De Ce Love Sco aetna ct [takes eeteeaveretas 
CUE COg ete Ses ea. TALS Hote ae cee artes Ua acco eet eae te akc ao toieille Chole er cists. 6, a[tatehoe nr enevere 


(7) Lyon, Fippin and Buckman. Soils, Their Properties and Management, p. 393, 1915. 
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It is evident from the above table that common salts of very high 
solubility do occur in the alkali soils. 

Now if it has been proved absolutely that the salts in the above table 
do occur in the soils of the arid region, then there is no reason whatever 
why they should not occur also in the humid regions, but only in very 
small quantities of course. The only chief and important difference be- 
tween the humid and arid regions is climatic, the chemical composition 
of the soils of both regions does not vary so greatly. In the humid 
regions there are few cases known where seemingly alkali conditions 
exist. The composition of the salts which form the alkali conditions con- 
sists in some of the cases reported (8) of NaNO.,, KNO,, Mg(NO,), 
Oa(NO,),, CaSO;, Ca€l,, Ca(HCO;)., Mg(HCO,)., Na,SO;, ete 

That salts of high solubility may exist in the soil solution is further 
confirmed by the reaction that is conceived to take place between the 
soil and a soluble salt added. Thus, Al,, Fe,, Mg,, Na,, Ca(Si0O,),, 
(H,O),,+2KCI=Al, Fe,, Mg,, Na,, K,(S8i0,),(H,O),+CaCl,. The CaCl? 
is assumed to be in solution. 

The evidences, therefore, of the existence of salts of high solubility 
in the soil solution are overwhelmingly strong. 

The solubility of some of the salts which are likely to occur in the 
soil solution was presented in the original report. For convenience and 
immediate usefulness they are repeated herewith: 


Table 7. Solubility of Various Salts at about 20°C. 


Grams of Salt 


Name of Salt. dissolved in 100 
Gm. water. 
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It is very evident that the solubility of most of the salts in the list 
‘is very high. 

Since the formation of these salts is comparatively slow, and their 
accumulation to any appreciable extent is prevented by the excessive and 
frequent rains in the humid regions, their amount in the soil solution is 
relatively small and does not form a saturated solution, probably not 
even at a low moisture content. Those salts, of course, that form a 
saturated solution are separated in the solid phase. At the high mois- 
ture content, therefore, these salts are diluted and cause only a small 
lowering of the freezing point but as the water content is reduced they 
become more concentrated and they produce a correspondingly greater 
lowering of the freezing point. That is exactly what the experimental 


(8) See original teport loc. cit. 
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results show. Hence, the experimental data agree almost perfectly with 
the hypothesis. 

All evidences, therefore, are overwhelmingly in favor of the hypothesis 
offered to explain the increase of concentration of the soil solution with 
the decrease in the moisture content. 

Although the results obtained can be explained very satisfactorily 
by the foregoing hypothesis, they can be explained just as satisfactorily 
by still another hypothesis. This hypothesis involves the assumption 
that the solubility product or constant of a soil substance is different 
when the material is in contact with water in the film than 
in the mass form. That is to say the solubility product of a substance 
such as CaO for instance is different when the water present exists in the 
film form than when it is in the mass form. As the film water varies, 
the solubility product also varies. Although this hypothesis is entirely 
contrary to the present views regarding the solubility constant of solid 
substances, yet it is not at all unreasonable when we consider that we 
have many powerful forces operative when the water exists in the film 
form which are not operative when the water exists in mass. 


A POSSIBLE EXPLANATION FOR THE INCREASE OF THE FREEZING-POINT DE- 
PRESSION IN A GEOMETRIC PROGRESSION WHILE THE PERCENTAGE 
OF WATER DECREASES IN AN ARITHMETIC PROGRESSION. 


The foregoing hypothesis offered to explain the increase in concentra- 
tion of the soil solution with the decrease in moisture content does not 
explain, however, why the lowering of the freezing point should increase 
in a geometric progression while the percentage of water decreases in an 
arithmetic progression and does not follow a direct inverse proportion- 
ality ratio (approximately), as might be expected. 

In the first report no definite and proved explanation was presented 
for this phenomenon, but only a tentative hypothesis was suggested. 
This hypothesis has undergone a very thorough examination in the 
present investigation and it appears that its validity is proven, and it is 
here reoffered. 

The hypothesis assumes that a portion of the water found in the soils 
is inactive and does not take part in dissolving the salts in the soil, and 
is removed from the field of action as far as the lowering of the freez- 
ing point is concerned. Under this assumption the increase of the 
freezing-point depression in a geometric progression as the percentage of 
water decreases in an arithmetic progression is explained as follows: 
If a clay soil, for instance, causes 15% of water to become inactive, and 
this clay at 39% of moisture produces a lowering of the freezing point 
of .075°C and at 22%, .987°C, then at the former moisture content there 
is 24% of water free or available to dissolve the salts in the soil, while 
at the latter water content there is only 7% available for the same pur- 
pose. It would be natural, therefore, that the depression of the freezing 
point would be many times greater at the low moisture content than at 
the high than would be expected from the difference of the total moisture 
content, just as the experimental data really indicate. 

This hypothesis also assumes (and the assumption seems to have been 
proved) that the percentage of inactive water is greater at the low 
than at the high moisture content and tends to decrease from the former 
to the latter. 
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That part of the water added to the soil may become inactive or avail- 
able and thus be removed from the field of action as far as the freezing- 
point lowering is concerned seems to be proved beyond any doubt. .Some 
of the evidences that may be brought forward which tend to confirm this 
fact are as follows: (1) The lowering of the freezing point of the agri- 
cultural soils at the minimum water content decreases with successive 
freezings as will be shown subsequently. This decrease is taken to mean 
“iat the process of freezing produces a change in the physical condition 
of the soil, and thereby releases some of the inactive water. This re- 
leased and free water goes to dilute the original soil water and thereby 
decreases the depression of the soil solution. 

(2) As has been shown in a former paper (9) when to a soil like clay, 
for instance, is added a certain amount of water and this wet soil is 
placed to freeze in an expansion apparatus like the dilatometer, only 
part of the water added freezes, as measured by the amount of expan- 
sion; the remainder of the water added apparently is prevented by the 
soil from freezing. This phenomenon has been observed also by Foote 
and Blair (10) in hydroges such as aluminum, silica, iron, ete. 

(3) Cameron and Gallagher (11), and Keen (12) in conducting ex- 
periments to obtain information concerning the laws governing the 
evaporation of water from soils, found that the amount of water evap- 
orated per unit of time was practically the same from a high moisture 
content down to a certain point and then it began to decrease quite 
rapidly. From the point where the rate of decrease commenced and 
downward, the soil water showed a lower vapor pressure than the free 
water. This diminution in the rate of evaporation and the reduction in 
the vapor pressure are taken by us to indicate that the soil water was 
not free but existed in an inactive or unavailable form. 

(4) The investigations of Briggs and Shantz (18), and those of a 
great number of other investigators on the wilting coefficient of soils, 
show that plants begin to wilt and die when the percentage of water in 
the soil is still considerable. Some investigators have attributed this 
phenomenon to the extremely slow movement of water in the soil at that 
low water content and consequently to the failure of the plants to obtain 
water at a sufficient rate to replenish that lost through evaporation and 
thus avoid wilting. We are inclined to attribute the wilting of plants 
partly also to their inability to absorb or extract the water which is held 
by the soil in an inactive or available form, at a sufficient rate. 

(5) Jones (14) and his associates, working upon the lowering of the 
freezing point of various hydrates, found that these substances yielded 
far greater depression of the freezing point than should be expected. 
Jones attempted to explain these abnormal results by assuming that 
these hydratés take up water, forming complex compounds with it, and 
thus remove it from the field of action as far as the freezing point lower- 
ing is concerned. 

Many other evidences could be cited which go to indicate that part of 
the water contained by the soils exists in an inactive or unavoidable form 
but the foregoing may be considered sufficient. 

(9) Jour. Agr. Res., v. 8, No. 6, 1917. 

(10) Jour. Am. Chem. Soc., v. 38, No. 3, 1916. 

(11) Bul. No. 50, Bu. Soils, U. S. Dept. Agr., 1908. 

(12) Jour. Agr. Sci., 6, 1914. 


(13) Bul. No. 230, Bur. Plant Ind., U. S. Dept. Agr., 1912. 
(14) JonesH., Elements of Physical Chemistry, p. 238, 1910. 
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The question now is, in what particular form or forms does this in- 
active or unavailable water exist in the soil? It should be mentioned 
that this special subject-is now under investigation and the final con- 
clusions will be reserved for a subsequent paper. It might be mentioned 
here, however, that this inactive or unavailable water appears to exist 
both as physically adsorbed water and as loosely chemically combined 
water with the latter probably predominating. In both cases the water 
is conceived to exist practically in. a solid state like water of crystali- 
mation. 

The foregoing hypothesis, therefore, would tend to explain, at least 
partially, why the lowering of the freezing of soils, with the exception of 
quartz sand and possibly of some extreme types of sand, should increase 
in a geometric progression while the percentage of water decreases in 
an arithmetic progression. It would also tend to explain why the 
freezing-point lowering of the quartz sand should increase inversely pro- 
portionally with the water content, which would tend to indicate that 
quartz sand causes very little if any of the water added to become in- 
active or unavailable. That the latter fact might be so is further shown 
by the solidification which can be induced when the moisture content is 
only 0.7% or practically at absolute dryness. It should be stated, how- 
ever, that even quartz sand under certain conditions, may cause some of 
the water to become inactive, the amount, however, is very small. 


THE SIGNIFICANCE OF THE INACTIVE OR UNFREE WATER IN THE SOIL UPON 
VARIOUS DETERMINATIONS NOW IN VOGUE. 


If the soils cause some of the water to mecome inactive or unfree 
and the amount varies with the kind of soil, then the results obtained by 
some methods now in vogue are not really and justly comparable. Thus, 
for instance, take the results obtained from soil water extracts as pre- 
pared by mixing soil and water in certain definite proportions. If the 
extracts are made from various types of soil snd these types of soil 
cause different amounts of water to become inactive or unfree and 
thereby lose its solvent action, then the soils are really extracted not 
by the same amounts of water but by entirely different quantities. The 
result will be that the concentration of the extracts will vary not en- 
tirely according to the total soluble material present but also accord- 
ing to the amount of water which acted as a solvent. 

The validity and force of these statements are most strikingly illus- 
trated by the data presented in Table 8. These data were obtained by 
mixing 20 grams of air dry soil with 4 c. ec. of water and then determin- 
ing the lowering of the freezing point in the usual manner. This pro- 
cedure is really and purposely an imitation of the method widely used 
by mixing 100 grams of soil with 500 c. c. of water and then ascertain- 
ing the concentration of the extract. 
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Table 8. The Lowering of the Freezing Point of Soils to which were Added 4 c.c. of Water to 20 
Grams of Soil. 
Freezing Total per- 
point - centage of 
depression. moisture. 
Ts) gheawy silt: loamy so ike ss coc «see ere Aes o ele ee iene ote 312°C 23 .31 
Be CAV Y SUb ORM: ates con oo ope oleteneinta, cys nyo tons terete hem lysttie nian 440 24.24 
3.19 Heavy Silt loam. Se cco iskepch ind eucssnorssote koala. onde ele aaa cheno nee 254 22.81 
4, APG SUG VOM ces oye wk scovete 8 Rorecendre) ceake Mhace saa taverstatcnate eno ee oie 220 22.59 
DS. e ELOAV AY SITE LORIN. ererasyct che wie fo severe evolersoseotalie ot onepet eavaie tetome teers 209 23.45 
6. bighticlay loamy. tin & ods, crevele mhacsherel cere ste ccemeronttbeme Renee eres 207 21.76 
7.” Heavy silt loam foes es.cos aletere trate He Gin oie one ese ee eee 097 20.57 
8; Light slitloam si. 2 ji cus ee ee ee eo ee nae biceeehenae 152 24.37 
9.” Heavy: silt loam. Oe Ae once touche en aikelece nate erent erietens 089 21.38 
102. “Very light siltloamisiz seu. ak ese ects es ecient eee er 110 22.93 
TAS Heavy Sang y: LOAM or. chek 5 Syecetcrecousaety sien sine © Stele wiaysteeeLe 119 22.16 
LOE caine Samay LOM Macy stele S eicneynictelers steers asus o> olsce etaa: erarolacceaans 074 19.86 
HSE it 6 IS Apes ase Cae rc eo rites SCD MEE Oe REID Orci bacact corart hearers ca 017 19.35 
TASS Mise SANG Y- VOM: oie us ce core eeincens ie, Fine ocean fo ee ene 054 20.50 
V5." (Pennsylvania isilt Loam. o%.cc 0 cele cnsieig sis suspense os wise sie leysnotsrenoner 119 20.98 
1G: aeeennsy lyania ‘Silt loam s ar cketerare cues stuvevele auvteba es sincsceteh erate has 109 21 37 
if.) ePennsylvaniaisitloamys. ii. soe cs eek etc chair tere ae remeron 107 21.39 
185 Bennsylvania silt loamme ce jes cinetetersie  sectaucte okie aeeectheiee bekene lets 21.10 
19). Kentucky Carrinptoniclay loam sn cc cscemie neta cereivie cee 1.245 29.31 
205 asentiicky Marshallsilt loam aon Jo ce «ieee eee eee sibsi 22.78 
21. » Kenticky AMiami' silt oars) secure sh a iyscs cerca ates s, seerere wie foal ae .042 20.46 
22) = ikentieky iC arrine tom Loam. cy. eis ett eerste orci toe eye ereralane ee 23 .96 
23: ‘Kentucky ba Crosse sang y, loam.) iii 4 se)stecst-t phen) - coe .060 : 20.00 
24 STexas: Houston BlacksiGlayicacac can ate mires ne eae Ge ee .422 25.23 
25) /elexas: Crawilordsclays. ac a2 vo heeateciscek rete ee. he ieee .133 23 .92 
265) ‘Texas Brownishblack oaimereysroce catenin cis «eleiat ee eke 031 22.23 
21. “REXasS fie Sandy OAM ss acs sree hese Sheva erence OMe lore aneiere ener 093 19.34 
28.9 hexas lack sand yalOamiiacctachentaicren eeuetedstone ca eee 053 20.01 
29. Texas Norfolk sandy loam 050 17.69 
30: .Dexasmine sand’: 0.005226 102 18.42 
Sle» Lexaswine sandyslGaMlsas occcreans 035 17.24 
32. Washington heavy silt loam 158 23.73 
Sa. Washington Silt LOAM: bi. c.c «oc cs ie oe 431 23.49 
34. Washington fine sandy loam 078 22 .02 
so. Washington silt loam: +. 3..50... 6. O88 22.96 
Boe eWiashineton iclayeLoaim Sox &, cio saree.) ete-cvepe tse Muatale oie ebeieiale ieee 138 22.77 
ie. Washinetonsilt. loam 2:.7. crac trevr storcia Guavckls. eabeln deelebewaeeenctes 300 21.41 
380 @Washing ton silt loam sr emayeenteteirce in Aeiniete one omen 110 22.68 
39) * Washingetomssand st ooo is ra cee hehe Dea oeaiadeie bnch hencnotne 115 20.11 
AQ? Florida* Prairie sand 3. igs saat atte Sarco Dera nice tee 017 19.54 
Alt) BloridasPraine sand sev. ac taleysthetscatecctete cea viola me tue. ome yiane ae ae 017 19.43 
AQ Horida, Praitie:- sanders «.cistae ae oe tecnico en oes ae O11 19.74 
43)... (Wisconsin :Superiorclay 3h! 2 cats oe. staat hola tae 392 25.08 
A4* Wisconsin: Carrine toni silt loam: ss «2 series ani oe eee meee .110 - 21.90 
AS PWiAscoOnsin Wilamiissilfsl Oats ts. sesueeeaets cioies cl chalereiste ere ene reiee .087 21 17% 
4G: “Wiisconsins Milamii(silteloaii’s fryers ie re ceehies steiete. haere ie yore oxen tote: O81 20.79 
47<—" Wisconsin: Colbyesilttloamicy. ac sinc. aiathiceete ee eieetntae Uae aerate .110 22.18 
43° )Wisconsin Carrington Silt loam.> hava ss isocle tele eres alee eee oe .107 | 22.20 
49), .Wasconsin» Plainfieldiine-sand 25 seen ee cis ieleiens te eee .019 19.91 
505% Minnesotas clayton as arteries oe oe ae Oheae are Eee 776 23.79 
SLAs Minnesota sandal oO ams.) aevsrere.cterein cre aya conv Sista eons sees 138 22.60 
52.) “Minnesota SandynlOamick sna ccer teers ieloiteln nate hice ta eee 061 22.84 
53:.- ‘Minnesota sand: ss: teas eye reece a see cae oon ea etree ne .018 18.88 
54, eC altormiay@hinaisiliin clay lOalene stu arin clerraleva since eietenete ras 545 26.65 
52. Calitarnia kamona clay LOaller ol aereeey Cine erate morn .139 24 .28 
565) Calitormia Holland oni. ee meieeccteis aiceigetee eee er -016 21.07 
5. Califormiaviarford fine Sangy Oa. «nicte se elsree le ele el cle) are ere .028 20.69 
58. ?CaliformiaiGalo fine san dyalodmeiy. cer aoa esiels eran ante .023 19.76 
59! California Oakley, finetsandy loam sean. ase sles clo sckele ct els .025 19.89 
6034; Rhode:lslandisandyaloantcaietes cies so canee kee ic oie an aie 025 21.45 


The foregoing results are really of the highest importance. 


They show 


that by employing the’same amount of soil and the same quantity of 
water entirely different depressions are obtained in the diverse classes 


of soil. 


The magnitude of the depression ranges form .017 in the case 


of sand (Soil No .13) to 1.245 in the case of clay loam (Soil No. 19), or 


a difference of over 73 times. 


not as great as this, but certainly sufficiently great. 
If one were studying the comparative soluble salt content of the above 
list of soils and obtained the foregoing depressions of the freezing point 


The variation between the other soils is 
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he would at once conclude that soil No. 19, for instance, contains 73 
times more soluble salts than soil No. 18 at the arbitrary ratio of 5 of 
soil to 1 of water. Such a conclusion, however, would be entirely er- 
roneous. Although soil No. 19 may contain more soluble salts than soil 
No. 13, but cer tainly not in the proportion indicated by the respective 
depressions. This tremendous difference in the low ering of the freezing 
point between the various soils is actually and mainly due to the different 
power of the various soils for causing water to become inactive or un- 
available and consequently to the different amounts of free water acting 
as a solvent of the soluble material. In table 9 there are shown 
the relative amounts of water that some of the soils of the above list 
caused to become inactive or unavailable. These results were obtained 
by means of the dilatometer method (15). The principle of this method 
is based upon the fact that when water freezes it expands. Knowing the 
amount of expansion produced by a certain quantity of water, say one 
gram, then the total amount of water frozen can be easily calculated. 
The amount that is not frozen can be ascertained by difference. In the 
case of soils the amount of frozen and unfrozen water was ascertained 
as follows: To 25 grams of soil was added 5 c. c. of water. If all of 
this 5 ¢. e. of water froze in the soil the amount of expansion produced 
would be equal to that of 5 c. c. of water frozen alone. If only a frac- 
tion of the 5 c. c. added froze, then the quantity that did ee freeze was 
ascertained by difference. In Table 9 the amount of the 5 c. ¢. of water 
that did not freeze and consequently remained as aceice or unfree 
and did not take part in dissolving the soluble material in the soil is ex- 
pressed both in ¢. c. and in percentage. In the same table are repeated 
the lowering of the freezing point of the corresponding soils so that a 
direct and convenient comparison can be made of the amount of water 
that each soil caused to become inactive and the corresponding lowering 
of the freezing point. It will be noticed that the amount of soil and 
water employed is not the same in the two cases but the ratio is the 
same. 


Table 9. Quantity of Water Caused by Various Soils to Become Inactive and the Corresponding Lowering 
of the Freezing Point. 


C.C. of the Percentage of P 
; 5 c.c. of the 5 c.c. of Tow ering of 
Name of soil. _| water failed water failed a ins 
to freeze. | to freeze. [Boye 
| 

Pan QUIATEZSAING f arhcccd c Stee erates Gree ewciers ote, mee mk 2.0 .009 
DEBE S AEG: toe hes Sa iaicas rho Tae oe yerate anak 6 a aEa Tr onoe .3 6.0 074 
stops PLLCAV VA SELEML OMIM. eeclaieo etic cl ec atne Cee irene 3)57/ 74.0 .440 
Ave silica y Silt LOA sare Rees | oe tereyoetea teers a holas xeih 70.0 sol2 
Pomel Gee a ValOAM I tsa Mee 1 ce5p,scickvole eu haveybs oe cee 2.0 40.0 .200 
Glee CALTIN PLOUM OAM Rata epekss Acco Maas sa sienscs, sseloye ake 2.8 56.0 sual 
fe SEATS AMSULG LOUIE tend one ckneh clecehoe eine oe cere 2.9 58.0 eho 
Sx Erosion Dlackiclayen ose evar cee teens cael alae 3.0 60.0 .422 
Os Hine Sand y AOA eo stared ae avore ns cere ates 0.5 10.0 093 
LOS Superior claye* tee ee ee eee Rjcis) 70.0 392 
Ue Ape anne d MHC SANs cles wiche cs Ne sks ie oblate ene 0.4 8.0 .019 
AS ASP. 5110 bee Sean nen Rds ean Ee Et eh 0.5 10.0 .018 
Uy Sh a ge Ee Se re re me ee aE cris 6 0.5 10.0 .017 
1 Asie eo MO eh kh ae 5 RE co NA oh en PT 0.6 10.0 O11 
LMM ATIC Y OAM pete cea es cyeia cisine Givlas eicho petra ae AWE 34.0 .138 


(15) Jour. Agr. Res., v. 8, No. 6, 1917. 


582 STATE BOARD OF AGRICULTURE. 


A thorough examination of the foregoing data reveals many exceed- 
ingly interesting and highly important facts. In the first place they 
show that the different soils caused entirely different amounts of water 
to become inactive or unavailable. Thus in the case of soil No. 1 or - 
quartz sand only 2% of the 5 c. c. of water added failed to freeze while 
in soil No. 3 more than 70% of the 5 ¢. c. added failed to freeze, and 
consequently had been converted into an inactive or unfree form. 
It appears that sands and very light sandy loams caused the smallest 
amount of water to become inactive while the loams, silts, clays, and 
mucks, the greatest. In the second place the above data show that 
those soils which caused the least amount of water to be converted into 
unfree state produced the smallest lowering of the freezing point 
while those soils which caused the greatest quantity of water to become 
inactive produced the largest freezing-point depression. Thus soil No. 
2 in which only 6% of the water added failed to freeze, the depression 
of the freezing point amounts only to .074°C, while in soil No. 3 in which 
more than 70% of the water added refused to freeze the depression 
amounts to .440°C or 6 times as great. In every case there is almost a 
perfect relation between the amount of water which failed to freeze and 
consequently had become inactive according to the dilatometer method, 
and the freezing-point depression. 

It seems to be absolutely proven, therefore, that soils cause water to 
beccme unavailable or inactive and thereby lose its solvent action; that 
the amount varies with different soils, being smallest in sands and light 
sandy loams and greatest in clay loams, clays, mucks, and peats; and, 
that the water put out of action influences appreciably many determina- 
tions commonly made for comparative studies especially if the ratio of 
water to soil is not very large. 

The ability of soils to cause water to become inactive or unavailable 
and to lose its solvent action, explains very readily why muck and peat 
with 200 or 300% of water at the high moisture content produce as much 
depression as the clays at only 40 or 50% of water. 


EFFECT OF SUCCESSIVE FREEZINGS UPON THE LOWERING OF THE FREEZING 
POINT. 


It wag discovered at the very beginning of the first research that the 
lowering of the freezing point of some soils such as sands and light 
sandy loams, and of some artificial substances such as quartz sand, 
kaolin, burned silicic acid, ete., remained quite constant with successive 
freezings, but in soils such as sandy loams, loams, silts, clays, peats, etc., 
it varied with repeated freezings, and indeed it decreased with succes- 
sive freezings up to a certain number of freezings and then it became 
constant. The magnitude of the change between the different soils 
could not be compared in the first report because the length of time and 
degree of super-freezing were not the same either within the same soils 
or in the different soils. In other words, the procedure was not uniform. 
The results in the first report were merely presented to show that sncces- 
sive freezings tend to diminish the lowering of the freezing point of some 
soils and not of others. 


EXPERIMENT STATION BULLETINS. 583 


In the second or present investigation the effect of repeated freezing 
upon the lowering of the freezing point has been also reinvestigated, at 
this time more thoroughly and systematically and with more uniform 
procedure. The procedure consisted of determining the depression of 
soils at a very low moisture content in the usual way, and then placing 
the soil sample, without disturbing it, in a cooling mixture having a 
temperature of about —12°C, and allowing it to remain there for one 
hour. The sample then was taken out of the cooling bath, thawed by 
holding that portion of the tube containing the soil between the hands, 
and then determining the freezing-point depression again. Table 10 
contains the results obtained by this procedure with only a few of the 
typical soils that were employed. 


Table 10. Effect of Repeated Freezing upon the Lowering of the Freezing Point. 


Quartz Sand. Kaolin, 
; | 
Percentage Number | Lowering of Percentage Number Lowering of 
of of times | the freezing || of of times the freezing 
. moisture. frozen. point. moisture. frozen. le 
2.0 1 .120 || 39.5 1 | 432 
2 .120 2 | .430 
Sand. Sandy Loam. 

2.43 1 380 7.20 1 |*  .560 
2 350 2 | 520 

Light Silt Loam. | Heavy Silt Loam. 

| 

11.54 1 1,090)) Sil. 3 17.08 1 1.010 
2 .960 .820 

Heavy Silt Loam. ~ Heavy Silt Loam. 
16.64 1 1.370 13.45 1 1.200 
2 1.030 2 1.000 

Burned Heavy Silt Loam. Burned Silt Loam. 

| 

1.66 1 .095 1 .630 
2 .092 6.80 2 .620 
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The foregoing results together with those announced in the first report 
prove absolutely that successive freezings effect the lowering of the 
freezing point differently in the various soils. In such soils as sand and 
very light sandy loam and artificial substances such as kaolin, quartz 
sand, ete., the depression is influenced very little, if any. With such 
soils as heavy sandy loams, loams, silts, clays, ete., the depression de- 
creases and the magnitude of diminution varies with the character of 
the soil, it is smallest in the sandy types and reaches its maximum in 
the heavy silt loams. In the former types of soil the diminution in the 
depression amounts only to about 8% in some cases, while in the latter 
types of soil it amounts to more than 25%. 

The question now is, what causes this diminution of the freezing-point 
depression with repeated freezings and why it occurs in the case of some 
soils or substances and not in others. An attempt will now be made to 
offer a possible explanation for this phenomenon. 

It was once thought that the soil solution at the low moisture con- 
tent employed reached its saturation point in concentration and as it 
cooled salts separated, for the solubility of salts diminishes of course 
with falling temperature, and thus the solution became less concen-, 
trated. This hypothesis, however, would not explain the continued de- 
crease in the depression with repeated freezings for if the soil solution 
were concentrated to the saturation point at the low moisture content 
all the excess of salts should separate the first time it is cooled below 
0°C, and inasmuch as ‘probably not all of the separated salts would go 
again into solution upon thawing—owing to the short length of time— 
the concentration of solution and hence the lowering of the freezing 
point should remain more or less stationary. Hence this hypothesis 
fails to explain the results. 

An hypothesis which appears to explain the results quite satisfac- 
torily and which seems to be supported by a great amount of evidence is 
as follows: The greatest portion of the water which the soils cause 
to become inactive or unavailable and thus lose its solvent action is due 
to the colloids which the soils contain. This inactive or unavailable 
water may exist in the colloids both as physically absorbed water and as 
loosely chemically combined water. Upon freezing, their colloids coagu- 
late and the bonds uniting them with the water break and the inac- 
tive or unavailable water becomes liberated. This liberated water be- 
comes available or acts as a solvent and goes to dilute the original solu 
tion and thereby decreases the lowering of the freezing point. Thus, 
for instance, if there were only 5% of available moisture before the 
first freezing was made, there were probably 7% at the end of the first 
freezing, 7.5% at the end of the second freezing and so on until all or 
most of the colloids are coagulated. Or if the freezing is greatly pro- 
longed at a very low temperature as was done in the second investiga- 
tion, then probably all or most of the colloids are coagulated so that all 
the inactive water that would become available is liberated at once. 

The foregoing hypothesis seems to find a large amount of confirma- 
tion from both direct and indirect evidences. It is now generally be- 
lieved that there are present in soils both hydrosols and hydrogels con- 
sisting of organic substances, the humus compounds, and inorganic sub- 
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stances, the hydrogels of alumina, iron, manganese, hydrated silica, ete. ; 
that the hydrosols are continually being produced in the soils by physical 
action such as that of water on clay, or by chemical changes such as the 
decomposition of silicates; and, that there are in nature various agencies 
such as changes in temperature, concentration of solution, ete., by which 
hydrosols are changed to hydrogels and vice versa. Both heating and 
freezing have been found to cause coagulation of the hydrosols and hy- 
drogels and this coagulation is accompanied by a decrease in the ab- 
sorptive power. It has been abundantly proven for example that when 
clay is heated its absorptive power for water is greatly diminished. 

The foregoing hypothesis appears to be further confirmed by the fol- 
lowing experimental data: (1) When some of the soils in Table 10 
which show a large diminution in the depression upon refreezing were 
heated to red heat and then their depression was determined at a very 
low moisture content in successive freezings, it was found that the 
magnitude of the depression. remained practically constant at successive 
freezings. The logical inference that may be drawn from these results is 
that heat coagulated or destroyed all the colloids and probably no un- 
coagulated colloids were left to be coagulated by freezing and thereby 
the inactive water to become available. 

(2) When the same unheated soils as above were frozen in the di- 
latometer it was found that the amount of expansion in the second freez- 
ing was considerably greater than that in the first, indicating that there 
was a larger amount of free water to freeze in the second freezing than 
in the first. These results are considered by us to be an absolute proof 
that the process of freezing causes inactive water to become free or 
svailable. 

The foregoing hypothesis, therefore, would seem to explain very well 
the diminution of the lowering of the freezing point of the agricultural 
soils at low moisture content with repeated freezings. It would apppear 
also to suggest that such substances as quartz sand, kaolin, burned soils, 
etc., either do not contain colloidal material or if they do it is not 
coagulable, and consequently not of the same nature as that of the agri- 
cultural soils. It might be, however, that these substances reabsorb the 
water made available during freezing, upon thawing. If that is the 
case then it would mean that freezing did not cause a permanent change 
in the physical condition of the substances, and consequently the above 
conclusion appears valid. 

At the high moisture content coagulation of the colloids of the agri- 
cultural soils should also take place but since the percentage of water 
present is high and the soil solution is very dilute, the amount of water 
that is released upon coagulation is too small to make any noticeable 
effect upon the depression. Consequently, the duplicate determinations 
agree in soils with high moisture content, but do not with low water 
content. 
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DETERMINING THE WILTING COEFFICIENT OF SOILS BY THE FREEZING POINT 
METHOD. 


It has already been mentioned that solidification cannot be started, 
at least very readily, below a certain moisture content. The percentage 
of this moisture content is quite definite and very different in the diverse 
classes of soil. It occurred to us that this point of water content where 
solidification refuses to take place might be the same as that where 
plants begin to wilt. In order to obtain information upon this interest- 
ing phase of the investigation the wilting coefficient of several soils was 
determined by following the method described by Briggs and Shantz 
(16), and using wheat as indicator. Several series of experiments were 
performed upon the subject. The results of one series which are typical 
of all the results, are shown in Table 11. In this table there are pre- 
sented also the moisture contents at which solidification refuses to take 
nlace or at least very readily. 


Table 11. Comparison of the Moisture Content of Soils where Solidification Refuses to Take Place and 
where Plants Begin to Wilt. 


Rete arene Percentage of 

Nane of soil. solidification | Water where 

plants begin 
refuses to to wilt 
take place. : 

SAT AA AEF tba obo che ocraeee ai gael wa detate lore hate it Be Romantels Bee to eaeekor 2.10 1.49 

Sand! Lomas cre etapa csacsue eo fo leehts ols cesyaue b iereid ww ease b lnkere fate ie ua eee ys eeeLs 6.7 5.28 
PUESLOMIM 25s Seca gees. chat cyeeg eel wherein le w a aletitone rele a baraue atete lorie 10.3 9.62 
DSA ys Sib LORI shade ce 5 ches a aretalee Sara ale Ds Mae ONE ee ore eee 16.8 18.79 
LEAVY SUG LOAN soyse, «) c coetele seam crauevevscocgpcaaqeisler aon) eee arin ete ene 16.00 17.16 
Heavy siltloama 260 Ge ee oe ee, PT les ao eee 13.50 13.82 
Sandy MOam.. 7 so cse5 avs, shel sega ol cesvesn toe onabenss ones, aoe GNOTecos Pics Cac sea eteaeoriods 5.60 4.87 


By comparing the two columns it will at once be seen that the 
percentage of water content at which wilting of the plants occurred 
and the solidification refused to take place, agree remarkably. It will be 
noticed that in no case does the difference exceed more than 2%. 

We confidently believe that the point where solidification refuses to 
take place marks an important transition in the state of the soil mois- 
ture and that this point is very close to the wilting coefficient of soils. 
Hence, we further believe that the freezing point method can be used to 
determine the wilting coefficient of soils and that such determinations 
will be more accurate and of course infinitely more convenient and rapid. 


(16) Loc. cit. 
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THE SIGNIFICANCE OF THD GREAT CONCENTRATION OF SOLUTION AT THE LOW 
MOISTURE CONTENT UPON PLANT GROWTH. 


If the tremendous depression of the freezing point as obtained at the 
low moisture content in many soils, really represents concentration of 
solution, then it throws new light upon several observed phenomena in 
plant growth. One of these phenomena is the wilting of plants. In the 
light of the extraordinary high depressions obtained at the low moisture 
content it would be only logical to conclude that one of the causes of 
the wilting of plants is due to the great concentration of the soil solu- 
tion when the moisture content has been reduced to the wilting coeffi- 
cient. This conclusion appears to be amply supported by, the following 
facts: 

(1) The depression of the freezing point of the complex types of 
soil at the wilting coefficient was considerably greater than that of the 
tops and roots of the wheat seedlings. Thus, the lowering of the freez- 
ing point of many silt loams, clay loams and clays was about 1.300°C 
while that of the tops was about 1.000°C and of the roots about .700°C. 
The above depression value of the soils represents an osmotic pressure 
of 15.64 atmospheres, that of the tops 12.04 atmospheres, and that of the 
roots 8.432 atmospheres. Hence, there is an appreciable difference in 
the osmotic pressure between the soils and the wheat seedlings, in favor 
of the soils. Since it has already been seen that the depression increases 
tremendously with extremely small decreases in the percentage of water 
at the low moisture content, the concentration of the soil solution 1 or 
2% of moisture below the wilting coefficient would be far greater than 
the value shown above. 

(2) The recent work of Shive (17) and of McCall (18) shows that 
plants both in tops and roots made the best growth when the initial 
concentration of the nutrient solution was about 1.75 atmospheres. 

The high osmotic pressure of the soil solution at the wilting coefficient 
as indicated by the freezing point method is contrary to the results ob- 
tained by Shull. Shull (19) attempted to measure the force with which 
the soil moisture is held by the soil by means of Xanthium seeds. He 
found by this method that the total force with which the moisture is 
held by the soil or the “back pull” at the wilting coefficient of soils 
amounts only to about four atmospheres. Shull concludes, therefore, 
“that this critical soil moisture content must be due to the increas- 
ing slowness of water movement from soil particles to soil particles, and 
from these to the root hairs, the rate of movement falling below that 
necessary to maintain turgidity of the cells of the aerial parts, even 
under condition of low transpiration.” 

As already seen, the osmotic pressure of the soil solution alone 
amounts to about 15 asmospheres. Now as will be shown in a subse- 
quent paper, the soil moisture at and below the wilting coefficient ap- 
pears to exist as physically absorbed and loosely chemically combined 
and in a solid phase. The water, therefore, in this condition must be 
held by the soil with a considerable force. This force must be added 
that due to the concentration of the soil solution alone. The total 
force, therefore, with which the water is held back by the soil is many 
times greater than that obtained by the method of Shull. 

(17) Am. Jour. Bot., 2, 157-160, 1915. 


(18) Soil Science, 2, 207-253, 1916. 
(19) Bot. Gaz., 62, No. ile arate. 
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THE FREEZING POINT METHOD AND THE FERTILITY OF SOILS. 


It should be strongly emphasized that no claim is made that by means 
of the freezing point method the fertility of the soil can be determined. 
Such a claim would be almost absurd since the freezing point method 
indicates only concentration of solution and tells nothing of the chemi- 

cal composition of this solution. A soil may possess a solution of high 
concentration and yet this concentration may be composed entirely of 
salts which do not contain the plant food elements. 

What is claimed is that the freezing point method furnishes: (1), in- 
formation concerning the concentration of the soil solution from any 
maximum moisture content to a very low water content. 

(2) It tends to compare approximately the salt content or concen- 
tration of solution of soils and especially of the extreme types of soil, 
at an equivalent moisture content. This equivalent moisture content, 
however, is difficult to obtain as has been seen. 

(3) It detects readily the abnormal concentration of solution of un- 
usual soils. Thus, Director Hartwell had two soils in the green house 
which were heavily fertilized and were planted to carnations. The latter 
failed to make any satisfactory growth. Director Hartwell sent us 
samples of these soils to determine their low ering of the freezing point. 
The test showed that the depression of these soils ‘at a high moisture con- 
tent or at the saturation point was about .600°C or about 30 times as 
ereat as that of average soils. Unquestionably, therefore, the carna- 
tions refused to make a satisfactory growth on account of this great 
concentration of solution. Many similar experiences could be cited if 
space permitted. 

(4) It shows the effect of application of fertilizers upon the con- 
centration of the soil solution, as will be subsequently seen. 

(5). It reveals a most remarkable relation between the soil and the 
water. 

(6) It can be employed to determine the wilting coefficient of soils. 

(7) It can be used to study the toxic effect of salt or the toxic effect 
of alkali soils, upon plant growth, as the toxic effect is due not only to 
the total soluble material ‘present but also to the total concentration 
which is composed of total soluble material and ionization of this ma- 
terial. 

All these facts are of the greatest importance in furthering our knowl 
edge concerning the fundamental principles governing the soil solution 
and undoubtedly that of the soil fertility. 


EFFECT OF APPLICATION OF SOLUBLE SALTS UPON THE CONCENTRATION OF THE 
SOIL SOLUTION IN THE SOIL. 


The effect of application of soluble salts upon the concentration of the 
soil solution was also reinvestigated in the second study. The investiga- 
tion, however, was greatly extended by employing a greater number of 
salts and a larger number of soils. The soils numbered 67 as compared 
with 10 in the first investigation, and varied both in origin and type. 
They represented characteristic types of soil from 10 different states. In 
fact they were the same soils which were used to determine the con- 
centration of their solution at very low and high moisture content al- 
ready considered. 
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The procedure followed in the second investigation was the same as 
in the first and consisted of treating the soils with n/10 solution of 
different salt solutions, allowing them to stand in closed tubes at room 
temperature for about 24 hours and then determining their lowering 
of the freezing point. To each soil was added a sufficient amount of 
solution to bring it up to a very high moisture content, thus eliminating 
some of the errors that occur at the low moisture content, and the 
amount was exactly the same for all salt solutions for any one soil. For 
each treated soil there was always a check, having the same percentage 
of moisture, but made up only of distilled water. Great care was taken 
to mix each soil sample with the solution or water very thoroughly. The 
results obtained are detailed in Table 12: 
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Before entering into the discussion of the foregoing data an explana- 
tion as to their form of presentation is necessary. The first column to 
the left of each salt solution contains the lowering of the freezing point 
of the solution alone; the second column contains the freezing-point 
depression of the soil treated with the solution, and this freezing-point 
depression is entirely due to the solution applied, as the amount of de- 
pression due to the soil itself at that moisture content has been sub- 
tracted. The third column shows the difference in the depression of the 
solution before and after it was added to the soil. The fourth column 
contains the percentage of change in the depression that the salt solu- 
tion suffered in the soil; and, the fifth column shows what percentage of 
the original concentration of the salt solution went to increase the con- 
centration of the soil solution. 

With these explanations, the above data showing the influence of the 
application of soluble salts upon the concentration of the soil solution 
in the soil may be considered. An examination of the figures in the fifth 
column of the various salt solutions reveals many interesting and im- 
portant facts. Starting first with KCl solution it will be seen that from 
about 65 to 98% of the original concentration of this salt solution went 
to concentrate the soil solution. The concentration of the soil solution 
increased to the greatest degree in quartz sand, kaolin, sand, and burned 
soils, and least in clays and clay loams. 

Considering next NaNO,, it will be observed that on an average much 
larger percentage of the concentration of this salt solution went to 
augment the strength of the’ soil solution of the various soils. The de- 
gree of concentration varies from about 76 to 100%, but in the majority 
of cases it lies between 85 and 90%. The magnitude of concentration is 
greatest in quartz sand, koalin, sand, and burned soils, and smallest 
in clay loams, and clays. 

The CaNO, solution increased the concentration of the soil solu- 
tion of nearly all the diverse classes of soils, including the clay loams, 
and clays, about 100%. This is indeed exceedingly interesting and of 
great importance. 

The KNO, solution augmented the strength of the soil solution of the 
various soils considerably less than did Ca(NO,), and NaNO, but about 
the same as the KCl. It will be observed that the agreement in the re- 
sults between these two salt solutions is remarkably close. 

The (NH,),SO, solution increased the concentration of the soil solu- 
tion of some soils very greatly while in others only a very small amount. 
Thus, in quartz sand, kaolin, sand, burned soils, the greatest part if not 
all of the original strength went to augment the concentration of the 
solution of these substances, but in the clay loams, clays, ete., only a 
small portion of the original strength of the solution was used for the 
same purpose, amounting in some cases to only 385%. 

The K,SO, solution increased the concentration of the solution of the 
various soils, with the exception of quartz sand, kaolin, sand, and 
burned soils, on an average still less than did the (NH,),SO, solution. 
An examination of the data shows that in some of the clay loams, clays. 
only about 85% of the original concentration of the salt solution was 
imparted to the concentration of the soil solution. For the majority of 
the soils the value lies close to 50%. 

The increase in concentration of the soil solution produced by the 
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MgSO, solution varies from about 55% in the case of some clays to about 
100% in the case of the artificial substances. On the whole, however, 
the percentage of the original concentration that was imparted to the 
solution of the various agricultural soils is quite high. 

The NaC,H,O, solution increased the strength of the solution of the 
different soils to a high degree. In the case of the more artificial sub- 
stances, quartz sand, kaolin, etc., the increase amounts to about 100% 
and in the agricultural soils it lies between 70 and 90%, with few ex- 
ceptions. : 

Of all the salts used the phosphates increased the concentration of the 
soil solution of the agricultural soils to the last degree. Indeed it will 
be seen that, with the exception of the artificial substances, the strength 
of the soil solution of all the agricultural soils is increased in most cases 
to only about 10%. Hence, the acid phosphate salts produced entirely 
different results from the neutral salts. 

This part of the main investigation, therefore confirms the previous re- 
sults and conclusions, and goes to show that the different compounds em- 
ployed have an entirely different effect upon the concentration of the solu- 
tion of the various soils: In the case of the neutral salts the solution of the 
agricultural soils was increased from 35 to 100% of their added strength, 
while in the case of the acid phosphate salts only a very small portion if 
any of their concentration was added to the soil solution, amounting in 
the majority of cases to only 10%. All the salts including the phos- 
phates, behaved the same in regard to the artificial substances, the quartz 
sand, kaolin, burned soils, etc., as they all increased the concentration of 
their solution to about the same degree, 100%. The neutral salt solu- 
tions did not behave uniformly in the different types of soils; some of 
the salts produced the greatest increase in concentration in the sands 
and the smallest in the clays, while other salts caused about the same 
degree of concentration in all the distinct types of soil. 

The results obtained with the burned soils are of great interest and 
need special emphasis. These soils are the same as soils No. 1, 2, 3, and 
4 in Table 12. They were burned to red heat in a muffle furnace. An 
examination of the results obtained from these soils shows that after 
burning they acted almost like quartz sand as the concentration of their 
solution was increased to almost 100% by all the salt solutions except 
the acid phosphates, while before burning such was not the case. 

The question now is, how is the increase in concentration of the soil 
solution by the soluble salts brought about; and, what is the composi- 
tion of the resulting solution? Before attempting to answer this ques- 
tion one more phase of the investigation should be considered. 


EFFECT OF THE APPLICATION OF ACIDS UPON THE CONCENTRATION OF THE 
SOIL SOLUTION IN THE SOIL. 


In conjunction with the foregoing studies just considered the effect of 
application of acids upon the concentration of the solution in the soil 
was also studied. The procedure of experimentation was the same as 
above. The acids employed consisted of HCl, HNO,, H.SO,, C.H.O,, 
C,H,O,, and HC,H,O, in n/10 strength. There were only 13 soils used. 
The results obtained are shown in Table 13. 
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The above data reveal many facts of high interest and great funda- 
mental importance. They show (1) that the HCl and HNO, increased 
the concentration of the soil solution to about the same degree in all 
soils except in the quartz sand, and the magnitude lies between 60 and 
70% for the majority of the agricultural soils; (2) The H,SO, increased 
ihe concentration of the soil solution in the majority of the agricultural 
soils only about half as much as did the HCl] and HNO,. (8) The C,H,O, 
caused very little if any increases in concentration in the agricultural 
soils, except in the artificial substances. (4) The C,H,O, caused an 
increase of over 50% in the agricultural soils and nearly 100% in the 
artificial substances. (5) The HC,H,O, produced an augmentation in 
the strength of the soils solution of all the soils employed of over 100%. 
In some cases the magnitude of increase is as great as 130%. These last 
results are certainly remarkable for they signify that the concentration 
of the soil solution is augmented above the total concentration of the 
acid added. 

The question raised above—how is the increase in concentration of the 
soil solution by the application of soluble salts brought about, and what 
is the composition of the resulting solution—may be raised also in the 
case of the acids just considered. 

To obtain an answer to the above question it is necessary to resort to 
other means for the lowering of the freezing point unfortunately indi- 
cates only concentration and tells nothing of the reactions that might 
take place between the soil and the salt solutions or acids, or of the 
composition of the resulting solution. 

In the study of absorption or fixation of salts by soils one of two 
methods is generally employed: (1) either shake a certain amount of 
soil with an excess amount of solution and analyze the supernatant 
liquid, or (2) pass through a column of soil a salt solution and analyze 
the percolate. These studies have shown that in the case of neutral 
salts the amount of the base of the salt solution added is diminished and 
an equivalent or nearly equivalent quantity of other bases is dissolved 
into the solution. Thus, if a soil is treated with a solution of KCl the 
amount of K in the resulting solution is diminished but is replaced al- 
most by an equivalent quantity of other bases such as Ca, Mg, etc., while 
the amount of Cl remains practically unchanged. 

In explanation of this phenomenon two theories have been proposed. 
One is based upon the chemical reaction between the soil and solution 
with an exchange of bases; and, the other is based upon a physical 
selective adsorption of the base of the salt with a resulting acid which 
dissolves an equivalent amount of soil bases. In the first theory it is 
assumed that a neutral salt reacts with the polysilicates of the soil with 
the base becoming fixed, at least at the beginning, and an equivalent 
quantity of another base being replaced, thus: Al, Fe, Mg, Na,Ca 
(SiO,), (H,O),+2 KCI=Al, Fe, Mg, Na, K, (SiO,), (H,O),+CaCl, This 
equation typifies the metathetical reaction that may take place be 
tween a neutral salt and the zeolitic compounds of the soil. The 
CaCl, or any other salt formed is supposed to be in solution. 

The fixation of the soluble phosphates is supposed to be accomplished 
by the bases present in the soil such as iron, aluminum, calcium, ete. 
The reaction which is different from the above is typified by the follow- 
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inf ~ equation) Cakl, (PO),..4> CaCO, — -CazH, (PO,)g) 4 «CO; <-F 
H,O. Ca,H,(PO,), -+ CaCO, = Ca,(PO,), + CO, + H,O. The solu- 
ble phosphate, therefore, reacting with calcium forms insoluble Ca,- 
(PO,)>. | 

According to the selective adsorption theory (19) itis suggested that 
when a soil is in contact with a solution such as KCl it adsorbs the IK ion 
at much greater rate or greater proportion than the Cl ion, thereby, 
(since an equivalent number of hydroxyl ions are also removed with the 
potassium ions), causing a partial hydrolysis of the solution, (KCl plus 
HOH = KOH (adsorbed) + HCl), and leaving free acid in the solu- 
tion which goes to dissolve the bases in the soil. 

Although the last theory might be correct yet it has not been absolutely 
proven and does not account for all the facts. The first or chemical 
theory, however, which seems more rational explains practically all facts 
quite satisfactorily and is probably more widely accepted. In the light 
of this theory the answer to the above question as to how the increase in 
concentration of the soil solution by the application of salts is brought 
about and what the composition of the resulting solutions is may be found 
in the assumption that similar chemical reactions as shown above took 
place between the constituents of the soil and the salt solution added 
with the formation of entirely new compounds which have a smaller 
than, or as great, lowering of the freezing point as the salt solutions 
added, and that not any of the salt solutions added may exist in the 
original form in the resulting solution, except possibly in the artificial 
inert substances such as the quartz sand, kaolin, burned soils, ete. In 
these latter substances the entire original concentration of the salt solu- 
tions was imparted to them and remained almost unaltered. 

The almost complete disappearance of the original concentration of 
the CaH,(PO,), and K,HPO, solutions in the agricultural soils tends 
to confirm the equation given above which shows that these compounds 
react with the bases of the soil and form insoluble substances and thus 
the concentration of the soil solution is very little if any increased 
either directly by these compounds or by the formation of new com- 
pounds, as in the case of the neutral salts. 

The results obtained with the acids can be explained under the same 
basis as those of the salts. These acids reacted with the bases of the 
soils and formed salts. The degree of concentration imparted to the 
soil solution depends upon the freezing point depression of the salt 
which in turn depends upon the amount of the salt in solution and its 
degree of dissociation. The slight or negligable increase in concentra- 
tion which the oxalic acid caused in the agricultural soils and especially 
in the heavier types, suggests the idea that the compound formed was 
more or less insoluble, similar to the case of the acid phosphate salts. 
The increase in concentration of the acietic acid above that of the origi- 
nal concentration of the acid itself signifies that either this acid formed 
a compound in large quantity or one which had a far greater degree of 
dissociation than the acid itself. The latter assumption is more 
probable. 

Finally, it should be remembered in drawing conclusions concerning 
the effect of the application of salts and acids upon the concentration 
of the soil solution that the lowering of the freezing point which is em- 


(19) Parker, Jour. Agr. Res., V. 1 No. 3, 1913. 
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ployed to determine the increase in concentration, is produced mainly 
by two factors, first by the amount of soluble material present, and sec- 
ond by the degree of dissociation of this material. The last factor un- 
doubtedly plays an appreciable role. 


SUMMARY. 


The work previously reported upon the freezing point method as a new 
means of measuring the concentration of the soil solution directly in 
the soil has been repeated with new or improved procedures, and greatly 
extended. The general results of the second study have entirely con- 
firmed those of the first. These results together with the new improve- 
ments in the procedure may be summarized as follows: 

The new procedure consisted of placing a short column of soil in a 
glass tube, inserting the bulb of a Beckmann thermometer into this 
column of soil until it was completely covered. The tube containing the 
soil and the thermometer was then placed directly in the cooling mix- 
ture having a temperature between —2° and —3°C, and the soil allowed 
to supercool to 1°C. Thex the thermometer was moved in the soil in 
order to start solidification. The temperature was then allowed to rise 
until it became constant. The thermometer was tapped and the reading 
recorded. 

It was found again that it is extremely easy to determine the freezing- 
point lowering of soils. The solidification can be started when the soil 
mass is supercooled to only about 0.3°C and it is far easier to induce 
solidification in soils than in pure solutions or soil water extracts. The 
depression of the freezing point of soils-can be measured from any maxi- 
mum water content to a very low water content. Below this minimum 
of moisture, solidification cannot be induced to take place, at least very 
readily, and the results are not very reliable. The minimum water con- 
tent seems to lie very close to the wilting coefficient of soils. 

The freezing-point lowering has been measured in over 58 soils at 
two different moisture contents—very low and very high. These soils 
included characteristic types of 10 different states, Rhode Island, Penn- 
sylvania, Michigan, Kentucky, Florida, Texas, Wisconsin, Minnesota, 
Washington, and California. The purpose of employing typical soils 
from all these states was to ascertain the concentration of the soil solu- 
tion by means of the freezing point method. The results obtained from 
this study show (1) that the lowering of the freezing point of soils is 
entirely different at the two moisture contents in-all the different soils. 
(2) The degree of the freezing-point lowering is quite small at the high 
moisture content and varies rather appreciably in the different soils, 
while at the low moisture content it is tremendously high and varies con- 
siderably in the various soils. At the maximum percentage of water the 
lowering of the freezing point varies from 0.010°C in the case of some 
sands to 0.075°C in the case of some clay loams, and clays, while at the 
minimum percentage of moisture it ranges from about 0.110°C in some 
sands to about 1.370°C in some of the loams and clays. The degree of 
depression for heavy sandy loams, silts, clay loams, and clays tends to 
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be above 1°C at the minimum water content while that of sands and 
very light sandy loams lies as a rule close to 0.4°C. Since, however, 
water appears to influence greatly the lowering of the freezing point it 
cannot always be said that these values of the depression represent 
absolute relative amounts of salts between the different soils, and 
especially between the related types of soil. A true comparison of the 
relative salt content of soils can be ascertained only when the free water 
content of the various soils is exactly at the equivalent point. 


In all the soils, with the exception of quartz sand and of some ex- 
treme types of sand, the ratio of the freezing point lowering is not 
directly inversely proportional to the ratio of the percentage of water 
as might be expected (approximately), but the former is many times 
greater than the latter. Thus, in the case of one of the clay loams the 
ratio between the lowering of the freezing point and water con- 
tent is 27.56 and 2.37, respectively. Upon investigating this relation 
more thoroughly by determining the depression of various soils at a 
large number of moisture contents it was found that this relation follows 
a mathematical law and indeed the geometric law, that is, the freezing 
point depression increases in a geometric progression while the per- 
centage of water decreases in an arithmetic progression. In the case of 
quartz sand, however, the depression increases directly inversely pro- 
portionally to the water content. 

The unusual rapid increase in the depression with the diminution in 
the percentage of water content and the extraordinary high lowering of — 
the freezing point at the low water content created at first some doubts 
as to whether these freezing-point lowerings are really caused by con-., 
centration of the soil solution and not by some physical factors. If 
they are caused by some physical factors they do not represent concen- 
. tration of solution. Two physical factors which might produce such 
results it was thought, are (1) the supposed pressure with which the 
water films are held by the soil particles, and (2) the influence of the 
soil particles themselves upon the depression. These and other possible 
physical factors have been thoroughly~considered but it has not become 
apparent that the depressions of the freezing point as obtained are in- 
fluenced by any physical agent. On the contrary all evidences, both 
direct and indirect, point overwhelmingly to the fact that the values of 
the freezing point lowering at the different moisture contents are’ 
caused by and represent actual concentration of solution. 

In explaining that the high depression of the freezing point at the low 
moisture content or the increase of the depression with the decrease in 
the percentage of water, may represent concentration of solution, the 
following suggestion is offered: It is assumed that the soil solution 
contains salts or their ions, produced by the reaction of the dissolved - 
components of the soil minerals, hydrolysis of the minerals, application 
of fertilizers, decomposition of organic matter, etc. These salts have, 
as a rule, a high solubility and would require a large amount of them 
to form a saturated solution. They are formed slowly and since the fre- 
quent and excessive rains, especially in the humid regions, tend to leach 
them away, only a relatively small amount of them is present at any one 
time. At a high moisture content these salts are diluted and the lowering 
of the freezing point is small. As the moisture content, however, is reduced 
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they are concentrated and the lowering of the freezing point becomes 
greater. 

A eritical consideration of the character of the soil system and a 
thorough examination of the available data of the soil solution as ob 
tained through soil water extracts, drainage water, etc., lend con 
siderable support to this hypothesis. 

It appears very reasonable also to suppose that the solubility constant 
or product of a solid substance is different when the material is in con- 
tact with water in the film than in the mass form. 

The foregoing hypotheses, however, do not explain why the lowering 
of the freezing point of the agricultural soils increases in a geometric 
progression while the water content decreases in an arithmetic pro- 
eression, and does not follow an inverse proportionality law (approxi- 
mately) as might be expected. 

In explanation of this phenomenon the hypothesis is also offered that 
some of the water contained by the soil is either loosely chemically com- 
bined or physically adsorbed or both, in which event this portion of the 
water is not free or available to act as a solvent but is removed from the 
liquid phase and takes no part in the lowering of the freezing point. 
Under this assumption the results are easily explained. Thus, for ex- 
ample, if a clay causes 15% of the water to become inactive or unayail- 
able and at 39% of moisture this clay gives a depression of .075°C and 
at 22%, .987°C, then at the first case there is 24% of moisture to dis- 
solve the salts while in the second case there is only 7% of moisture 
for the same purpose. The depression of the freezing point at the low 
moisture content, therefore, would be many times greater than that at 
the high moisture content, than would be expected from the total per- 
centage of moisture. 

There is a tremendous amount of evidence which appears to prove 
beyond any doubt that the soils cause water to become inactive or un- 
available, and that the quantity varies with the character of the soil, 
being smallest in the sandy types and largest in the colloidal types. 
Hence, the foregoing hypothesis seems to be valid. 

It was found that the magnitude of the lowering of the freezing point 
of soils at the low moisture content decreases with successive freezings. 
This was true, however, with the agricultural soils, but not with arti- 
‘ficial substances such as quartz sand, kaolin, burned soils, ete. For ex- 
plaining these phenomena the hypothesis is offered that the greatest 
portion of the water which is made inactive or unavailable and thus re- 
moved from the field of action as far as the freezing-point lowering is 
concerned, is due to the colloids which the soils contain. This inactive 
or unavailable water may exist in the colloids both as loosely chemically 
combined, and as physically absorbed. Upon freezing these colloids 
coagulate and the bonds uniting them with the water break and the 
inactive or unavailable water becomes liberated. This liberated water 
acts as a solvent and goes to dilute the original solution and thereby de- 
creases the freezing point depression. Thus, for instance, if there were 
only 5% of moisture at the beginning of the first freezing, there is 
probably 7% at the end of the first freezing, 7.5% at the end of the second 
freezing, and so on until all the colloids are coagulated. These soils in 
which the depression remains constant with successive freezings prob- 
ably do not contain colloids or if they do they are not coagulable. 
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The above hypothesis is supported by an overwhelming amount of evi- 
dence and consequently it also appears to be valid. 

The percentage of moisture content at which solidification refuses to 
take place very readily is almost the same as that at which plants be- 
gin to wilt. From this it becomes evident that the wilting coefficient of 
soils can be determined by the freezing point method. 

In view of the great concentration of the soil solution at the wilting 
coefficient, it seems logical to conclude that the wilting of plants, is 
partly due also to the concentration of the soil solution. 

By means of the freezing point method the effect of application of 
soluble salts and acids upon the concentration of the soil solution in the 
soil was also studied. The results pertaining to the soluble salts show 
that the different compounds employed have an entirely different effect 
upon the concentration of the solution of the diverse classes of soil. In 
the case of the neutral salts the solution of the agricultural soils was in- 
creased from 35 to 100% of their added strength, while in the case of 
the phosphate salts only a very small portion of their concentra- 
tion was added to the soil solution, amounting in the majority of cases 
to only 10%. All the salts including the phosphates behaved the same 
in regard to the artificial substances, the quartz sand, kaolin, burned 
soils, ete., as they all increased the concentration of their solution to 
about the same degree, 100%. The neutral salt solutions did not be- 
have uniformly in the different types of soil, some of the salts produced 
the greatest increase in concentration in the sands and the smallest in 
the clays, while other salts caused about the same degree of concentra- 
tion in all the distinct types of soil. 

The different acids affected the concentration of the soil solution very 
differently. Some of the acids augumented the concentration of the so- 
lution of the agricultural soils from 50 to 70% of their added strength, 
others about 130%, and still others only about 5%. 

The increase in concentration of the soil solution as produced by the 
application of the salts and acids is due to the formation of new sub- 
stances, the depression of the freezing point of which is as great, greater, 
or less than that of the original substance. In the case of the artificial 
substances such as quartz sand, kaolin, burned soils, etc., both the orig- 
inal concentration and composition of the salt solutions remained pract- 
tically unaltered. 
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FOREWORD. 
Technical Bulletin No. 32. 


The bovine infectious abortion problem has been studied in our labora- 
tory under the direction of Mr. Cooledge who has charge of the project, 
“The Effect of Diseases in the Cow on the Milk.” Mr. Huddleson, assist- 
ing in carrying out the details of the general plan, has undertaken to 
determine the extent of injury inflicted upon the calf as a result of the 
ingestion of milk known to be infected, naturally or otherwise, with 
Bacterium abortus. This is a matter of the gravest importance to the 
whole cattle industry. The results recorded in this paper, made possible 
by methods of study evolved in this laboratory, contradict certain im- 
pressions that are gaining ground amongst those in a position to offer 
treatment for the disease in question. Fortunately Mr. Huddleson is in 
a position to pursue his studies in this connection with increased vigor. 


WARD GILTNER. 
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THE TRANSMISSION OF BACT. ABORTUS (BANG) TO NEW BORN 
CALVES THROUGH THE INGESTION OF MILK. 


BY I. F. HUDDLESON. 


Numerous investigations have demonstrated the infectiousness for 
animals of milk containing pathogenic microorganisms. The occurrence 
of Bact. abortus in the milk from apparently normal cows has_ been 
demonstrated by Schroeder and Cotton (1), Evans (2), and Cooledge 
(3). The pathogenicity of milk containing Bact. abortus for guinea 
pigs by the inoculation route has also been demonstrated by the above 
investigators. The possibility of transmitting the infection to calves 
through the ingestion of milk has not been conclusively demonstrated. 
Williams (4) was the first investigator to publish experimental data 
concerning the transmission of Bact. abortus to calves through the in- 
gestion of raw milk. He further associates the disease called infectious 
abortion with white scours, acute or chronic vaginitis, pneumonia, and 
matting of the hairy tufts about the orifice of the sheath and at the 
lower commissure of the vulva of calves. His experimental data are as 
yet inconclusive. 

Up to.the present time, there seems to have been more or less specu- 
lative consideration of the subject with little attempt to approach the 
problem by actual experiments. The present study details a series of 
experiments which were devised in the hope of throwing light on the 
subject. 


TECHNIQUE EMPLOYED. 


In view of the fact that Cooledge (8) has shown that milk containing 
agglutinins for Bact. abortus may contain the bacterium, the agglutina- 
tion test was used in studying the milk fed to the animals. The in- 
fectiousness of the milk was further controlled by guinea pig inocula- 
tions. 

The term “naturally infected milk” which will be used in this paper, 
implies a milk reacting positively to the agglutination test using Bact. 
abortus as antigen and “non-infected milk” implies a non-reacting milk. 

The calves used in the experiment (excepting those fed non-infectious 
milk) were separated from their respective dams shortly after birth in 
order to safeguard against a possible infection from infectious material 
which might have collected on the surface of the udder or teat. The 
calves were fed about one gallon of milk from a pail twice daily. Every 
precaution was taken to guard against an infection other than from the 
milk. 

The results of the feeding of the milk were studied by means of the 
agglutination and complement fixation tests upon the blood sera of the 
calves, using Bact. abortus as antigen. The calves were bled from the 
jugular vein periodically at intervals of about one week and the blood 
sera tested. 
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Observations and microscopical examinations for matting and staining 
of the sexual hairs of the calves were made during the course of the 
feeding. 

In the course of the experiment eight calves were fed upon naturally 
infected milk and six calves were fed upon non-infected milk. The calves 
fed non-infected milk were not separated from their respective dams at 
the time of birth, but were allowed to remain and suckle for three days 
and then separated. A control was fed pasteurized naturally infected 
milk in order to compare the result with those fed upon raw naturally 
infected milk. A second control was fed upon non-infected milk plus 
five cubic centimeters of a 48-hour bouillon culture of Bact. abortus with 
each feeding in order to compare the result from feeding naturally in- 
fected milk with that of artificially infected milk. 

As accurately as possible the history of each dam was obtained showing 
the number of normal parturitions, the number of abortions and the 
blood and milk reactions to the agglutination and complement fixation 
tests at the time of parturition or abortion. The history of the dams is 
summarized in Table I. 


FEEDING EXPERIMENTS. 


Bull calf 995 A, Table II, was fed upon naturally infected milk for 
a period of thirteen weeks. The blood of the calf was negative before 
feeding milk. <A slight reaction developed one week after feeding. A 
high antibody index developed at the end of the second week, and re- 
mained constant until the end of the third week. The blood was nega- 
tive when tested at the end of the fourth week. The blood remained 
negative during the remainder of the time feeding was continued. No 
matting or staining of the sexual hairs about the sheath occurred during 
the time the calf was fed upon milk. Approximately three weeks after 
the feeding of milk was discontinued, the sexual hairs became matted 
and stained a brownish black. A microscopical examination of sediment 
collected from the matted hairs revealed only epithelial cells, uric acid 
crystals and many bacteria. No pus cells were found in the sediment. 
The dam of calf 995 A was about two years old at the time of this 
parturition. The blood of the dam was negative before parturition, but 
positive after parturition. The milk was positive before and after 
parturition. The milk produced lesions and Bact. abortus antibodies 
when inoculated intraperitoneally into guinea pigs: Calf 995 A was 
fed upon this milk. 

Heifer calf 996 A, Table 3, was fed upon naturally infected milk for 
a period of ten weeks. The blood of the calf was negative before feeding. 
The blood remained negative throughout the time of feeding. The sexual 
hairs below the vulva remained distinctly separate and unstained dur- 
ing the time milk was fed. The dam of calf 996 A was two years old 
at the time of this parturition. The blood and milk of the dam were 
negative before parturition. The milk became positive after parturition, 
the reaction remaining only two weeks. The blood remained negative. 

Bull calf 997 A, Table 4, was fed upon naturally infected milk for 
a period of two weeks. The calf died of acute intoxication in the third 
week of feeding. The blood of the calf was negative before feeding, 
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Only a slight reaction developed. The sexual hairs developed no matting 
or staining. The dam of calf 997 A was two years old at the time of 
the parturition. The milk and blood of the dam gave a negative reaction 
before and after parturition. 

Heifer calf 1000 A, Table 5, was fed upon naturally infected milk for 
a period of fourteen weeks. The blood was negative before feeding the 
milk, and continued to remain negative throughout the period of feed- 
ing. No matting of the sexual hairs below the vulva was observed. The 
dam of calf 1000 A was two years old at the time of this parturition. 
The blood and milk of the dam were negative before and after parturi- 
tion. 

Bull calf 1001 A, Table 6, was fed upon naturally infected milk for 
a period of five weeks. The blood of the calf gave a positive reaction 
before feeding. The positive reaction persisted for three weeks. The 
sexual hairs around the sheath became slightly matted the second week 
of feeding. A microscopical examination of the sediment collected from 
the matted hairs revealed only bacteria, uric acid crystals and epithelial 
cells. The dam of calf 1001 A was seven years old at the time of this 
parturition. The cow has never aborted or had an abnormal parturition. 
The blood was negative and the milk was positive after parturition. 

Bull calf 1002 A, Table 7, was fed upon non-infected milk for the 
first week after birth and then fed upon naturally infected milk for 
thirteen weeks. The blood was negative before feeding milk and con- 
tinued to remain negative throughout the period of feeding. The sexual 
hairs about the sheath developed a slight matting and brownish black 
staining in the fourth week. The matting was not consistent. The 
hairs would mat together after urination, but would separate again on 
drying. Several microscopic examinations were made of the washings 
from the sexual hairs. No pus cells were found. The dam of calf 1002 A 
was five years old at the time of this parturition. The cow has never 
aborted or had an abnormal parturition. The blood and milk of the 
cow were negative before and after parturition. 

Bull calf 100 A, Table 8, was allowed to suckle its mother for three 
days after birth and then separated. The calf has since been receiving 
naturally infected milk. The calf was bled three days after birth at 
which time a positive reaction was obtained. The positive reaction per- 
sists at this writing. The sexual hairs have remained unmatted and 
unstained. The dam of calf 100 A was three years old at the time of 
this parturition. The calf of the first pregnancy was aborted. The 
blood and milk of the cow were positive after parturition. 

Bull calf 101 A, Table 9, was allowed to suckle its mother for three 
days after birth at which time it was separated and fed upon naturally 
infected milk. The blood of the calf has repeatedly given a negative 
reaction. The sexual hairs have remained unmatted and unstained. 
The dam of calf 101 A was two years old at the time of this parturition. 
The blood and milk of the cow gave a negative reaction before and after 
parturition. 

Heifer calf 102 A, Table 10, was fed upon naturally infected milk for 
a period of fifteen weeks. The blood of the calf was negative before 
feeding milk. No test was made in the first week after feeding was begun. 
Positive agglutination and complement fixation reactions were obtained 
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in the second week. A slight reaction persisted for six weeks. Succeed- 
ing tests since the sixth week have been negative. No matting of the 
sexual hairs below the vulva occurred during the feeding of milk. The 
dam of calf 102 A was three years old at the time of this parturition. 
The cow has never aborted or had an abnormal parturition. The cow was 
injected subcutaneously with five cubic centimeters and ten cubic centi- 
meters of a killed suspension and twenty c.c. of a live suspension of 
Bact. abortus at ten day intervals during the seventh month of gesta- 
tion. The blood of the cow was positive to the agglutination and com- 
plement fixation tests at the time of parturition. The milk was also 
positive to both tests. 

Heifer calf 103 A, Table 11, was fed upon naturally infected milk for 
six weeks. Complement fixing antibodies were present in the blood of 
the calf a few hours after birth. Agglutinins appeared in the fourth 
week. The positive reaction persisted for six weeks. The calf died 
in the seventh week of white scours. No matting of the sexual hairs 
below the vulva was observed. The dam of calf 103 A was three years 
old at the time of this parturition. This parturition was premature, 
being about two weeks before time. The dam was treated during the 
eighth month of gestation, in the same manner as dam 102. The blood 
and milk of the cow contained agglutinating and complement fixing 
bodies at the time of the parturition. 

Bull calf 104 A has been receiving naturally infected milk for thirteen 
weeks. The blood has never given a positive reaction to the agglutina- 
tion or complement fixation tests. The sexual hairs around the prepuce 
have never shown any matting or staining. The dam of calf 104 A was 
two years old at the time of this parturition. The blood and milk of 
the cow have never given a positive reaction to the agglutination or 
complement fixation tests. 

In order to compare a possible blood reaction due to a naturally in- 
fected milk with that due to an artificially infected milk, a calf was 
fed upon non-infected milk plus a culture of Bact. abortus. 

Bull calf 1003 A, Table 13, was fed upon non-infected milk plus five 
cubic centimeters of a forty-eight hour bouillon culture of Bact. abortus 
(the culture being added to the milk at each feeding) for a period of twelve 
weeks. The blood of the calf was negative before feeding the mixture. 
A high antibody index developed at the end of the first week of feeding. 
The antibody index remained constant until the end of the fourth week. 
At this time the antibody index began to decrease. On the ninth week. 
the blood was negative and: has remained negative up to the time of this 
writing. A distinct matting and staining of the sexual hairs around 
the sheath appeared in the twelfth week of feeding. A microscopic ex- 
amination of the hairs revealed epithelial cells, uric acid crystals, and 
many bacteria. No pus cells were found. The dam of calf 1003 A was 
four years old at the time of this parturition. The calf of the second 
pregnancy was aborted. The blood and milk were negative before parturi- 
tion. The cow died of milk fever shortly after parturition and conse- 
quently no post parturition tests were made. 

In order to maintain a control on the naturally infected milk fed to 
calves, the infected milk was pasteurized at a temperature of 63°C. for 
fifteen minutes. The milk was then fed to a calf. A temperature of 
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63°C. for fifteen minutes has no effect upon the Bact. abortus antibodies, 
but is sufficient to destroy all of the abortion bacteria present. 

Heifer calf 999 A, Table 14, was fed upon pasteurized naturally in- 
fected milk for a period of thirteen weeks. The blood reaction was nega- 
tive before feeding and remained negative throughout the time of feed- 
ing. No matting of the sexual hairs below the vulva was observed. The 
dam of calf 999 A was two years old at the time of this parturition. 
The blood and milk of the cow were negative before and after parturi- 
tion. 


THE RESULTS OF FEEDING NON-INFECTED MILK. 


Bull calf 1004 A, Table 15, was fed upon non-infected milk for a period 
of twelve weeks. The blood of the calf gave a positive reaction before 
feeding milk. The reaction persisted for three weeks. The sexual hairs 
remained unmatted and unstained during the feeding. The dam of 
calf 1004 A was eight years old at the time of this parturition. The 
calf of the second pregnancy was aborted. The milk and blood of the 
cow were negative before parturition. The blood was negative after 
parturition. The milk was positive. 

Heifer calves 1005 A, Table 16, and 1006 A, Table 17, were fed upon 
non-infected milk for a period of twelve weeks. The blood sera of both 
calves were negative before feeding. They have continually given a 
negative reaction. The sexual hairs below the vulvae of the calves re- 
mained unmatted and unstained. The dam of calf 1005 A was three 
years old at the time of this parturition. The dam of calf 1006 A was 
seven years old. The blood and milk of each cow were negative before 
and after parturition. 

Bull calf 1007 A, Table 18, was fed upon non-infected milk for a period 
of twelve weeks. The blood sera of the calf was not tested until two 
weeks after birth. The blood has continually given a negative reaction. 
The sexual hairs remained unmatted and unstained during the feeding. 
The dam of calf 1007 A was six years old at the time of this parturition. 
The calf of the second pregnancy was aborted. The blood and milk of 
the cow gave negative reactions after parturition. 

Heifer calf 1008 A, Table 19, was allowed to suckle her dam for three 
days after birth. The calf was then separated and fed upon non-infected 
milk for twelve weeks. The blood of the calf gave a positive reaction 
when the first test was made, 57 days after birth. The positive reaction 
persisted for five weeks. The sexual hairs remained unmatted and un- 
stained. The dam of calf 1008 A was three years old at the time of this 
parturition. The milk and blood gave positive reactions when tested 
after parturition. The milk of this cow has given a positive reaction 
for more than eighteen months. 

Heifer calf 1009 A, Table 20, was allowed to suckle her dam for three 
days after birth and then separated. The calf was then fed upon non- 
infected milk for a period of twelve weeks. The first blood test was 
made when the calf was seventeen days old. The blood gave a positive 
reaction which persisted for four weeks. The sexual hairs remained 
unmatted and unstained. The dam of calf 1009 A was two years old 
at the time of this parturition. The blood and milk of the cow gave 
positive reactions before and after parturition. 
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DISCUSSION. 


From the data presented in the foregoing pages, it is apparent first 
of all, that the results have an important bearing upon the appearance 
of agglutinating and complement fixing bodies in the blood of calves 
as a result of ingesting naturally infected milk. The results show that 
out of eleven calves fed upon naturally infected milk for a long period 
of time, the blood of only one (calf 995 A, Table 2) developed comple- 
ment fixing bodies to any marked degree. The calf was fed upon natural- 
ly infected milk for thirteen weeks. The blood was tested at intervals 
of about one week, by means of the agglutination and complement fixa- 
tion tests. Complement fixing bodies were present in the blood for the 
first five weeks. All succeeding tests have given negative reactions. It 
is apparent that the blood of calf 102 A gave a weak positive reaction 
after the feeding of milk was begun. The investigations of Cooledge (7) 
seem to show that agglutinating and complement fixing antibodies for 
Bact. abortus may be absorbed through the large intestine of humans 
as a result of ingesting milk containing such antibodies. Talmon and 
Castaigne (8) have demonstrated the appearance of agglutinating anti- 
bodies in the blood of a child who was nursing a mother affected with 
typhoid fever. In a similar case they failed to demonstrate agglutinat- 
ing antibodies in the blood of the child. Agglutinating antibodies were 
present in the breast milk of the mothers. They account for the appear- 
ance of antibodies in the first case from the fact that the child was 
suffering from enteritis. They further state that antibodies are not ab- 
sorbed by mucous cavities unless a lesion is present. The appearance 
of antibodies in the bloed of calf 102 A may be accounted for in a similar 
manner, as this calf was suffering from a severe case of diarrhea at the 
time antibodies made their first appearance. The remaining calves (ex- 
cepting calf 100 A) fed upon naturally infected milk has never given a 
positive reaction. The blood of calf 100 A was not tested until three 
days after birth. Complement fixing bodies were present at this time. 
This positive reaction is not due to an infection from the milk. This 
statement is based on experiments of the writer which demonstrate the 
time of appearance of agglutinating and complement fixing bodies for 
Bact. abortus after subcutaneous injections of a live suspension of the 
organisms. From eight to twelve days elapse before the appearance of 
antibodies after an injection. 

The calves fed upon non-infected milk (excepting calf 1001 A) gave 
no positive serum reactions. The blood serum of calf 1004 A possessed 
complement fixing bodies at birth. The blood gave a positive reaction 
for three succeeding weeks. 

It is evident from the results reported in Table 10, that antibodies 
will develop in the blood of a calf when fed continually upon milk mixed 
with a culture of Bact. abortus. The positive reaction does not persist 
for a great length of time, but disappears while the mixture is being fed. 

Examination of Tables 6 and 12, reveals the fact that the blood sera 
of calves may give a positive reaction at birth. The positive reaction 
may be due to an active infection, or to a passive transmission of com- 
plement fixing bodies present in the blood of the mother, to the fetus in 
utero. Regarding the latter statement Pfoundler (5) says that anti- 
bodies circulating in the body of the mother have not been proved to 
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pass through the placenta into the body of the fetus, even if the mother 
becomes immune to the disease. However, he says this may occur from 
pathological changes in the placenta and from the presence of the antigen 
in the placenta which serves to stimulate the production of antibodies 
that pass into the circulation of the fetus. In order to throw more light 
on the statement made by Pfoundler, three pregnant cows were injected 
subcutaneously and intravenously first with five and ten cubic centi- 
meters of a killed suspension and then twenty cubic centimeters of a live 
suspension of Bact. abortus at intervals of ten days during their seventh 
month of gestation. One of the cows aborted during the eighth month of 
gestation, one gave birth to a premature living calf and the remaining 
cow had a normal parturition. The blood sera of the dams reacted 
strongly to the agglutination and complement fixation tests. The blood 
sera of two of the calves gave a negative reaction at birth. The blood 
serum of the premature calf gave a positive reaction. Altho these results 
are limited, it readily appears that antibodies circulating in the body 
of the mother are not transmitted to the fetus in utero under normal 
conditions. Marshall (6) says that it has been shown by means of 
precipitin reaction, that if egg-albumin is injected into the mother some 
of it passes unchanged to the fetus. On the other hand, the proteins 
of ox-serum cannot be recognized in the fetal blood, even when a con- 
siderable quantity is injected into the mother (rabbit). 

A very interesting occurrence is to be noted in connection with calves 
that possess antibodies in their blood at birth. In every instance in which 
the blood of the offspring was positive, the milk of the dam was positive. 
Furthermore, Bact. abortus was demonstrated present in the milk of the 
dams by means of guinea pig inoculations. Would this occurrence in- 
dicate that an infection of the udder travels to the uterus through the 
blood or lymphatic system? This question cannot be answered at the 
present writing. 

The results shown in Tables 16 and 17, clearly emphasize the necessity 
of testing the blood of calves at birth in experiments of this nature. 
It would not be logical to assume that these calves acquired the positive 
reactions as a result of ingesting infected milk since the blood sera of the 
calves were not tested until after they had received milk. This precaution 
has not been observed in similar researches by others. 

A study of the tables reveals the fact that a larger number of positive 
reactions was obtained with the complement fixation test than with the 
agglutination test. In fact, erroneous conclusions would have been 
drawn from the results had not the complement fixation test been em- 
ployed in this study. 

The matting and staining of the preputial hairs of bull and heifer 
calves is a subject to which much importance has been attached by 
Williams (4) in his investigations. He concludes from his observations 
that calves fed upon raw milk in almost every instance acquired a mat- 
ting and staining of the sexual hairs from thirty to sixty days after 
birth. He further believes that Bact. abortus may be the cause of this 
phenomenon. 

The observations made in this study do not confirm similar observa- 
tions made by Williams. In very few instances, has there been a mat- 
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ting.of the sexual hairs observed, in which instances the matting could 
not be attributed to Bact. abortus. 


CONCLUSIONS. 


Agglutinating and complement fixing bodies for Bact. abortus are 
very rarely demonstrated in the blood of calves as a result of ingesting 
naturally infected milk. 

Calves may give a positive reaction to the complement fixation test 
immediately after birth. The reaction probably signifies a pre-natal 
infection. 

There is favorable evidence that antibodies circulating in the body 
of the mother are not transmitted to the fetus in utero. 

The data strongly emphasize the necessity of testing the blood of 
calves at birth in order to differentiate between positive reactions that 
may be due to the ingestion of milk and positive reactions that may be 
present at birth. 

There appears to be no connection, whatever, between the feeding of 
milk and the matting and staining of the sexual hairs of new born calves. 
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TABLE I.—SHOWING THE HISTORY OF THE DAMS OF THE CALVES USED IN THE 
FEEDING EXPERIMENT. 

Reaction Reaction . 
aoe Number of Number of blood of blood Bepcon 
No Age. wee 7 of before last after last A fiS 

irths. abortions. parturition parturition . 
or abortion. or abortion. freshening. 
995 2] One None: sia. « Negative..... Positives... Positive. 
996 DENN Clpeyes iss si s/erer INOTe? vate Negative..... Positive: <<. <1. Positive. 
997 2» | One was ater «1 INOHE: fees 3s Negative..... Negative..... . Negative. 
1000 OMG\ | OLE Serenata INONGEs.., 220543 Negative..... Negative..... Negative. 
1001 Ti AN biGeecralaas oe MIQUE Bo ade. cle No test made. | Negative..... Positive. 
1002 isjay led Blst(\ einige ye NOHG@2 Nasco No test made.| Negative..... Negative. 
1003 Z| GINO c coeccadc 2nd calf... 2... Negative..... No test made.| No test made. 
1004 Sr UIGe eves ate dans QHOGAlierey. se 2 No test made | Negative..... Positive. 
1005 Pe One. sen ne eee INONCtEscae 2 No test made.| Negative..... Negative. 
1006 Mae OUTS oor corre INOS Gx ccs No test made.| Negative..... Negative. 
1007 his) >< ain eee is Gee 2ndvealf-. os. - No test made.| Negative..... Negative. 
1008 ay Adah oo ec OUG? 2oyycn2 No test made.| Positive...... Positive. 
1009 BAL W.Ovd wy cc, ciae tue INOHE? Gass a8 Positives... 22> Positives... Positive. 
100 Sl ONnGiiince see es Onew 4.3 sn Bat No test made.| Positive...... Positive. 
101 oD NOM Cr 2, speeve. ave NOME? Aiea 2 Negative..... Negative..... Negative. 
102 By BONE trays a eters Non@tirags e: Positive. .<..- Positives... .- - Positive. 
103 Del. seracccreds NONE: sec. aes Positives. se. Positive...... Positive. 
104 ZNO: exancettere None? S255. 5- Negative..... Negative..... Negative. 
TABLE 2. 
THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 
Bull Calf 995A. (a) 
Reaction of blood aerate . 
pata Date. Agglutination. Comp. Bix. 
1 .05 .025 .O1 .005 1 .04 .02 .005 
Before feeding........... 1-15-16 - - = - — = — = lf 
ist week after feeding....| 1-22-16 Dp = _ — - + + D = 
2nd week afterfeeding...| 1-29-16 Dp -— - - - + aa p - 
3rd week afterfeeding...] 2- 5-16 D = _ _ — + + Dp — 
Ath week afterfeeding...| 2-12-16 — = - - - — _ — - 
5th week afterfeeding...| 2-19-16 - - - - —- — = - | = 
6th week afterfeeding...| 2-26-16 = — = - — med ees — — 
7th week afterfeeding...| 3- 4-16 ~ - - — _ - _ _ - 
8th week after feeding...| 3-11-16 a -- - — = — _ — 
9th week afterfeeding...| 3-18-16 - _ _ - - _ _ _— — 
10th week afterfeeding...| 3-25-16 _ - _- - ~ _- — — — 
11th week after feeding...| 4- 1-16 - — - - = _ _ - — 
12th week afterfeeding...| 4- 8-16 — —- - - _ - _ — _ 
13th week after feedin 4-15-16 = —- _ _ _ = —- - — 
(b) 14th week after fee ing 4-22-16 — — - - _ - — = _ 
17th week after feeding. . 5-11-16 — — - — = _ — —- — 
20th week afterfeeding...| 6- 3-16 _ _ - _ _ _ - — — 
22nd week after feeding...} 6-15-16 _ = - - - — - - _ 
25th week afterfeeding...| 7-10-16 - — _ _ -- _ - - - 
37th week after feeding. ..| 10-15-16 = _ - oa — - _ - _ 
Alst week after feeding. ...| 11-15-15 - = = - - = — — — 
48th week afterfeeding...| 1- 7-17 -— _ - - - _ - - - 
51st week after feeding....| 1-25-17 _ _ _ — — _ - ~ = 
52nd week after feeding...| 2- 1-17 - _ - oo _ - _ — — 
56th week after feeding...| 3- 1-17 = _- - - - - — - = 
60th week after feeding...| 4- 1-17 - = = - - = = -- - 


(a) Born 1-15-16. 


(b) On this date feeding of milk was discontinued. 
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TABLE 3. 
THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 


HEIFER calf 996A. (a) 


Reaction of blood fees . 
serum. Date. Agglutination. Comp. Vix. 

si -05 025 .01 -005 ail .04 02 .005 
Before feeding........... 5-28-16 _ _ — _ = = = = as 
1st week after feeding....| 6- 5-16 - — — _ = = = = = 
2nd week after feeding...| 6-12-16 — — — = = =e ~— = = 
3rd week after feeding...| 6-19-16 — _ _ _ = = om = es 
4th feed after feeding....| 6-26-16 - _ — _ = = = = = 
5th week afterfeeding...| 7- 3-16 - — = = = = = = a 
6th week after feeding...| 7-10-16 — — — — = = = = =a 
7th week after feeding...| 7-17-16 | — = = = et ~ 2 pan - 
8th week after feeding...| 7-24-16 _ _ - — = — = — = 
9th week after feeding...| 7-31-16 - — — = = = = as a 
10th week after feeding...| 8- 7-16 -- _ — — = = = as pas 
11th week after feeding...| 9-14-16 _ — — _ — = = = a 
12th week after feeding...| 9-21-16 _ = ss = = = = ps, 


(a) Born 5-28-16. 


TABLE 4. 
THE RESULT OF FEEDING INFECTED MILK TO A NEW BORN CALF. 


Bull Calf 997A. (a) 


Reaction of blood ; oo eae 5 
AeruK, Date. Agglutination. Comp. Fix. 
1 05 | .025 01 .005 1 04 02 005 
Before feeding........... 2- 5-16 _ — -- - — = - - 
1st week after feeding...| 2-12-16 - - _ = = p aa = = 
2nd week after feeding..| 2-19-16 - - = - - - — = = 
3rd week after feeding. . (b) 


(a) Born 2-5-16. 
(b) Died of acute intoxication 2-21-16. 
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THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 


Reaction of blood 
serum. Date. 


ail 05 | .025 


Before feeding........... 2-25-16 —- _ - 
1st week after feeding....| 3- 3-16 — - _ 
2nd week after feeding...| 3-10-16 — - —- 
3rd week after feeding...| 3-17-16 _ - - 
4th week after feeding...| 3-24-16 = - - 
5th week after feeding...| 3-31-16 - - - 
6th week after feeding...| 4- 7-16 - - - 
7th week after feeding...| 4-14-16 _ - - 

8th week after feeding. .| 4-21-16 - = _ 
9th week after feeding...| 4-28-16 - - _ 
10th week after feeding...| 5- 5-16 = - 
11th week after feeding...| 5-12-16 - - = 
12th week after feeding...| 5-26-16 —- — — 

(b)13th week afterfeeding.| 6- 2-16 -—- - — 

15th week after feeding...| 6-15-16 = = - 

20th week after feeding...|° 7-10-16 - — — 
28th week after feeding...| 9-14-16 = - = 


Heifer calf 1000A. (a) 


Agglutination. 


01 


HW ad 


.005 


Me et Tete 


Co 


hte We ted 


HWW We the 


mp. 


04 


A Te 


Fix. 


-02 


UST TP 


WW al 


-005 


WT We ae ed 


(a) Born 2-25-16. 
(b) On this date the feeding of milk was discontinued. 


TABLE 6. 


THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 


Bull calf 1001A. (a) 


Reaction of blood 
Sern Date. Agglutination. 
1 05 .025 
Before feeding........... 4-26-16 + D _ 
1st week afterfeeding....| 5- 6-16 + — — 
2nd week afterfeeding....| 5-13-16 ote — — 
3rd week afterfeeding....| 5-22-16 - - — 
4th week afterfeeding....| 5-29-16 — — _ 
(b) 5th week afterfeeding..| 6- 5-16 — —- _- 


(a) Born 4-27-16. 
(b) Killed 6-7-16. 


He A 


Co 


bi+++ + 


mp. 


-04 


WN irae Se 


Fix. 


A a =) 
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TABLE 7. 
THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 


Bull calf 1002A. (a) 


Reaction of blood got gs 4 
BeTIEne Date. Agglutination. Comp. Fix. 
ail .05 | .025 -O1 .005 aul 04 .02 .005 
Before feeding........... 4-27-16 = _ - - - - - _ — 
1st week after feeding....| 5- 3-16 - _ - = - - -- — _ 
2nd week afterfeeding...| 5-10-16 — _ - — - _ -- — _ 
3rd week after feeding...| 5-17-16 _ = = —_ =_ — _ — — 
4th week after feeding...| 5-24-16 — = = = = - - — — 
5th week afterfeeding...| 5-29-16 _ =— = =— - - — — — 
6th week after feeding...| 6- 5-16 — = “= = = = - — — 
7th week after feeding...| 6-12-16 _ — = _- — - -_ — — 
8th week after feeding...| 6-19-16 = = = = = = - — - 
9th week after feeding...| 6-26-16 = - = = Se = _ — — 
10th week after feeding... - 3-16 _ = = = = _ — - — 
11th week after feeding... -10-16 - = = = = = _ — _ 
12th week after feeding... -17-16 = = = = = _ — - _ 
13th week after feeding. . -24-16 - — — = = — = — _ 


(b)14th week after feeding. 


20th week after feeding... 
24th week after feeding...| 1 
28th week after feeding...| 1 
32nd week after feeding... 


we 
_ 
.) 
plate 
at 
Taal tet 
ik al 
Wet 
Talal 
lala 
Plt Yel 
alae 


(a) Born 4-26-16. 2 ; 
(b) On this date the feeding of milk was discontinued. 
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TABLE 8. 
THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 


Bull Calf 100A. (a) 


Reaction of blood Date 


serum. Agglutination. Comp. Fix. 

al 05 | .025 .O1 005 il 04 02 | .005 

Shh W@Eis coos booeroopune 1-56-16 || — - — - - + + fe ae 
Ist week after feeding... .| 11-13-16 — - = - — + + + de 
2nd week after feeding. ..| 11-22-16 (lost) - + + + 
3rd week after feeding. . .] 11-29-16 = = - - _ + + ae a 
4th week after feeding. ..| 12- 7-16 = - - _ - + as ae 45 
5th week after feeding...) 12-14-16 | — — _ - - ao ae + a= 
6th week after feeding...| 12-21-16 | — - - - _ + ok aL aL 
8th week afterfeeding...| 1- 4-17 = — = - - + 4h = a 
9th week after feeding...| 1-11-17 = _ — _ — + ae ae = 
10th week after feeding...} 1-18-17 - - _ _ - + sk aL a 
11th week after feeding...| 1-25-17 - - _ _ — ah ae tt = 
12th week after feeding...! 2- 1-17 + + p - — + tL ae = 
13th week after feeding...} 2- 8-17 | + = — _ = + + + = 
14th week after feeding...| 2-15-17 | — =— = = = ak oe te = 
15th week after feeding...| 2-22-17 + +4. + _ — ae ae se = 
16th week after feeding...| 3- 1-17 - - _ - _ te 3 Ste ah 
17th week after feeding...| 3- 8-17 - - - - _ + de = = 
18th week after feeding...; 3-15-17 | — — - — - ae Je ae = 
19th week after feeding...| 3-22-17 _ - a — = = = = eet 
20th week after feeding...} 4- 5-17 ~ - _ — = = = = as 
21st week after feeding....| 4-12-17 _ = _ — = = = = ies 

(a) Born 11-38-16. 
TABLE 9. 


THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 


Bull calf 101A. (a) 


Reaction of blood Data: 


serum. Agglutination. Comp. Fix. 


cll 05 | .025 | 1.01 | .005 al 04 02 -005 


PSERLES Gry or touer one soxepeloteraretenete 


Ist week after feeding... .| 11-16-16 
2nd week after feeding...| 11-23-16 
3rd week after feeding. ..| 11-29-16 
4th week after feeding. ..| 12- 7-16 
5th week after serving. ..| 12-14-16 


6th week after feeding. ..| 12-21-16 


_ 
— 
1 
ir 
ry 
Oo 
| 
| 
| 
| 
| 
| 
| 
| 
I 


HEA Teg 
or al tl 
al 
oth ret 
Wl 
We Wh 
Tee eal 
(lela 
ey 


7th week after feeding...| 1- 4-17 

8th week after feeding...| 1-11-17 

9th week after feeding...| 1-18-17 
10th week after feeding...| 1-25-17 = - = = = = = = = 
11th week after feeding...| 2- 1-17 - — — = = = ae = a 
12th week after feeding...| 2- 8-17 - - = = — = = = = 
13th week after feeding...| 2-15-17 — _ — a: = = = = = 


let 
Lt dia 
Le hal 
ae | 
Wy 
linia 
opti 
et aac 
eth Tet 


(a) Born 11-5-16, 
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TABLE 10. 
THE RESULT OF FEEDING NATURALLY INFECTED MILK TO A NEW BORN CALF. 


Heifer calf 102A. (a) 
Reaction of blood : F 
sertini. Date. Agglutination. Comp. Fix. 
| | * 
vill .05 | .025 OL .005 Ail .04 .02 .005 

Before feeding........... 12-21-16 _ _ _ — — — | - — = 
Ist week after feeding... .| 12-28-16 No | test | made. 

2nd week after feeding...| 1- 6-17 + Dp - — _- + =f - — 

3rd week after feeding...) 1-18-17 - - - — — + p _ - 

4th week after feeding...) 1-25-17 _ = -- - - + — _ _ 

5th week after feeding...| 2- 1-17 - — - _ Dp - - a 

6th week after feeding...) 2- 8-17 .- —- —- - ~ + - - — 

7th week after feeding...) 2-15-17 _ — _ - ~ - _ _ — 
8th week after feeding...| 2-22-17 No | test | made 

9th week after feeding...| 3- 1-17 a —- - _ _ - — - — 

10th week after feeding...} 3- 8-17 _ = - - - - = _ 

11th week after feeding...| 3-15-17 ~ _ - —- ~ - _ - - 

12th week after feeding...! 3-22-17 — — ~ —_ _ ~ - — 

13th week after feeding...| 3-29-17 — = _ _ _ _ _ — 

14th week after feeding...| 4- 5-17 ~ - a -- — - -- _ —- 

15th week after feeding...| 4-12-17 — - — -— — —- ~ — - 

16th week after feeding...) 4-19-17 — _ — _ - — — _ - 

(a) Born 12-20-16. 

TABLE 11. 


THE RESULT OF FEEDING INFECTED MILK TO A NEW BORN CALF. 


Heifer calf 103A. (a) 
Reaction of blood eae? ‘ 
serum, Date. Agglutination. Comp. Fix. 
all .05 | .025 | .01 005 aL 04 02 | .005 
Before feeding........... 12-31-16 — — _ = = + Je ete PE 
Ist week after feeding....| 1- 8-17 | — = - - = + + as dk 
2nd week after feeding....| 1-18-17 | p - - - - + ae ah a5 
3rd week after feeding....| 1-25-17 | — = = — - + + + ee 
4th week after feeding....) 2- 1-17 | + + + ao Dp + =f ae ae 
5th week after feeding. ...| 2- 8-17 => + + + = ob + ae = 
6th week after feeding. ...| 2-15-17 ar + + + — ak ah ai = 


(a) Born 12-31-16. Died of White Scours 2-19-17. 


EXPERIMENT STATION BULLETINS. 


THE RESULT OF FEEDING INFECTED MILK TO A NEW BORN CALF. 


Reaction of blood 
serum. 


Before feeding......... 


1st week after feeding.. 


2nd week after feeding... 
3rd week after feeding... 
4th week after feeding... 
5th week after feeding. . 


6th week after feeding... 
7th week after feeding... 
8th week after feeding... 
9th week after feeding... 


10th week after feeding... 
11th week after feeding... 
12th week after feeding... 
13th week after feeding... 


(a) Born 1-12-17. 


Date. 


THE RESULT OF FEEDING NON-INFECTED MILK PLUS A CULTURE 


Reaction of blood 
serum. 


Before feeding......... 
Before feeding. 35...-.- 


Ist week after feeding.. 


2nd week after feeding... 
3rd week after feeding... 
4th week after feeding... 
5th week after feeding... 


6th week after feeding. . 
7th week after feeding... 
8th week after feeding... 
9th week after feeding. . 
10th week after feeding. . 


11th week after feeding. 


(b)12th week after feedin 


15th week after feeding. 


19th week after feeding. . 


25th week after feeding... 
29th week after feeding... 
33rd week after feeding... 
37th week after feeding.. 


Date. 


621 
TABLE 12. 
Bull calf 104A. (a) 

Agglutination. Comp. Fix. 
£05) 2025 O01 .005 Ail .04 .02 .005 
test |made| _ as - 2 i a 
TABLE 13. 

OF BACTERIUM ABORTUS. 
Bull calf 1003A. (a) 

Agglutination. Comp. Fix. 
.05 | .025 .O1 | .005 ol .04 .02 .005 
= = = = + ae 3e Dp 
= = = = abe a= ae p 
= = = = a =F a5 p 
oa = = = se ae = = 
= = = = 45 oie p = 
= = = = Se a= = = 
— — = = + — i <= 


| 


eal 


Ieee 


(a) Born 2-21-16. 


(b) On this date the feeding of milk was discontinued. 
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TABLE 14. 


THE RESULT OF FEEDING PASTEURIZED NATURALLY INFECTED MILK 
TO A NEW BORN CALF. 


Heifer calf 999A. (a) 


Reaction of blood 


serum. Date. Agglutination. Comp. Fix. 
1 05 025 Ol .005 1 04 02 005 
Before feeding........... 2- 3-16 _ - = ss = = a x rea 
Ist week after feeding....| 2-10-16 _ — = = = ae ot = UE 
2nd week after feeding...| 2-17-16 _ - _ — a = a =e 2 
3rd week afterfeeding...| 2-24-16 _ _ _ — = = — ak te 
Ath week after feeding...| 3- 2-16 -— _ — _ = = = = ae 
5th week after feeding...| 3- 9-16 - — — = = = = = a 
6th week after feeding...| 3-16-16 — — _ = = os = — = 
7th week after feeding...| 3-23-16 - - a = = = z a = 
8th week after feeding...| 3-30-16 -- -_ — = = = = ze = 
9th week after feeding...| 4- 6-16 - - — = = = a = a 
10th week after feeding...| 4-13-16 _ - — = = = = = es 
11th week after feeding...| 4-20-16 _ -_ — = = == = = = 
12th week after feeding. . 4-27-16 - — - = = = = = = 
(b)13th week after feeding 5-11-16 = — _ — a = = = et 
17th week after feeding. . 6- 3-16 ~ — - = = = = os a 
19th week after feeding...| 6-15-16 ~ - _ = = = = = — 
23rd week after feeding...| 7-10-16 _ = — = = = = = = 
29th week after feeding...} 9-14-16 _ _ - = os = = = 3 
| 


(a) Born 2-3-16. 
(b) On this date the feeding of milk was discontinued. 


TABLE 15. 
THE RESULT OF FEEDING NON-INFECTED MILK TO A NEW BORN CALF. 


Bull calf 1004A. (a) 
Reaction of blood {4.48 : 
San Date. Agglutination. Comp. Fix. 
1 05 025 OL .005 1 04 02 005 
petone Tee qinp en eres 4-28-16 | + + p ~ _ - - - - 
Ist week after feeding....| 5- 7-16 + D - - - + aid p = 
2nd week after feeding...| 5-14-16 + — = = = p at = * 
3rd week after feeding...| 5-22-16 | + p - = ~ = - - - 
9th week after feeding...| 6-29-16 _ - — _ - = — = _ 
12th week after feeding...| 7-24-16 _ — — — — — - — - 


(a) Born 4-27-16. 
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TABLE 16, 
THE RESULT OF FEEDING NON-INFECTED MILK TO A NEW BORN CALF. 


Heifer calf 1005A. (a) 
Reaction of blood Rete . 
serum. Date. Agglutination, Comp. Fix. 
sil .05))|)-025 01 .005 al .04 .02 -005 
Before feeding........... 4-20-16 - - = = = — = = A 
ist week afterfeeding....| 5- 3-16 = — = = = = = 2s 2: 
2nd week after feeding...| 5-10-16 — -. - - - — = = = 
3rd week afterfeeding...| 5-17-16 _ _ — = oo = — =: we 
9th week afterfeeding...| 6-29-16 — - — — = = — a ss 
12th week after feeding...| 7-24-16 — — — = = as = = a 
2ist week after feeding... .| 10- 5-16 - — — = = = = = ae 


(a) Born 4-19-16. : : 
This calf died the 10-8-16 of mechanical pneumonia. A small cyst was also found in the right ovary. 


TABLE 17. 
THE RESULT OF FEEDING NON-INFECTED MILK TO A NEW BORN CALF. 


Bull calf 1006A. (a) 
pee ou. oF bleed Date. Agglutination. Comp. Fix. 
ok .05 | .025 .O1 .005 al .04 -02 .005 
Before feeding........... 4-19-16 _ — - — — _ — = = 
Ist week after feeding....| 4-26-16 - ~ - - — = = = = 
2nd week after feeding...| 5- 3-16 — - - — - = = = aa 
3rd week after feeding...| 5-10-16 = _ - - - = = = = 
10th week after feeding...| 6-29-16 - = = = Sah, Boe = = = 
13th week after feeding...| 7-10-16 -— - _ — - - aa = = 
24th week after feeding. ..| 10- 5-16 - - _ = - = = = = 


(a) Born 4-18-16. 
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TABLE 18. 
THE RESULT OF FEEDING NON-INFECTED MILK TO A NEW BORN CALF. 


Bull calf 1007A. (a) 


Reaction of blood 


serum. Date. Agglutination. Comp. Fix. 
ci .05 | .025 .O1 .005 1 .04 02 -005 
2nd week after feeding...| 4-21-16 _ aa = - — = = = = 
3rd week after feeding...| 4-29-16 o - _ - = — = ae ms 
4th week afterfeeding...| 5- 6-16 - _ _ - = ~ -- = Ss 
5th week after feeding...| 5-15-16 _ _ — — = = = = 2 
6th week after feeding...| 5-22-16 _ — |= |}, = = = = = =; 
14th week after feeding... -24-16 - — -- — = — a = 2 


7 
23rd week after feeding...| 10- 5-16 


(a) Born 4-2-16. 


TABLE 19. 


SHOWING SHOWING THE PRESENCE OF ANTIBODIES IN THE BLOOD OF A CALF 
WHICH WAS FIFTY-NINE DAYS OLD WHEN TESTED. 


Heifer calf.1008A. (a) 


Reaction of blood 


Seruaril Date. Agglutination. Comp. Fix. 
1 05 025 Ol | .005 1 04 02 005 

(b) 8th week of feeding...| 4-11-16 | p - = - = ak ak a1. 

9th week of feeding...... 4-26-16 | — _ - - — = ae = a 
10th week of feeding...... 5- 3-16; + + p - — + + =f = 
11th week of feeding...... J-LO-165)| = - _ - + 2k p = 
12th week of feeding...... 9-17-16) ||| -— a - - — + D Ss = 
27th week after feeding...| 10- 5-16 - - _ = = = = = es 

(a) Born 2-20-16. (b) 1st blood test. 
TABLE 20. 


SHOWING THE PRESENCE OF ANTIBODIES IN THE BLOOD OF A CALF WHICH 
WAS SEVENTEEN DAYS OLD WHEN TESTED. 


Heifer calf 1009A. (a) 


Reaction of blood Date Agglutination. Comp. Fix. 
serum. ‘ 
1 05 | .025 01 005 1 04 02 | .005 
3rd week of feeding...... 4-19-16 | p - - - _ + + = p 
4th week of feeding...... 4-26-16 | — - _ = = de fu p = 
5th week of feeding...... 5- 2-16 | p - - - = aL + + = 
6th week of feeding...... Gio Ei) |S - - - — + — — = 
7th week of feeding...... 5-16-16 - — = = = = aa = B: 
23rd week of feeding...... 10-15-16 = _ = = = — = = = 


(a) Born 4-2-16. 
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FOREWORD. 


TECHNICAL BULLETIN NO. 33. 


The importance of bovine infectious abortion investigations is con- 
ceded by everyone interested in animal husbandry. Both practical 
men and scientists have been seeking assiduously but unsuccessfully for 
a solution of the problem. It has been suspected for some time that 
milk and the milk-secreting gland play a very important role in the dis- 
Semination of this disease amongst cattle. Naturally suspicion was 
aroused concerning infected milk as a food supply for human use. As 
a part of our attack on the project, “The Effect of Diseases in the Cow 
on the Milk,” Mr. Cooledge has been working for several years on the 
most urgent phase of this subject and has presented in this paper some 
of the results of his investigations. We believe that these results throw 
a powerful light on the fundamentals of the whole subject, removing 
any cause for alarm in so far as the human problem is concerned and 
_ pointing out a safe and hopeful method of attack in so far as the live 
stock problem is concerned. This research is being continued by Mr. 
Cooledge and his associates. 

WARD GILTNER. 
79 
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A STUDY OF THE PRESENCE OF BACTERIUM ABORTUS (BANG) 
IN MILK. 


BY L. H. COOLEDGE. 
INTRODUCTION. 
Part I. 


Methods of studying the presence of Bact. abortus (Bang) in Milk. 
Introduction. 
Review of literature. 
Technic employed. 
Complement-fixation test. 
Agglutination test. 
Investigational work. 
Comparing the Bact. abortus antibedy content of the blood with 
that of the milk. 
Comparing the antibody content of the milk from quarter to 
quarter. 
Comparing the agglutination and complement-fixation reactions 
for Bact. abortus infection, using milk instead of blood serum. 
Studying the agglutinins in milk after the introduction into the 
cow’s udder of pure culture of Bact. abortus. 
Studying the agglutination reaction of milk from cows with 
records of frequent abortions. 
Studying the agglutination reaction of milk from cows that have 
never aborted. 
Studying milk containing antibodies but not producing typical 
lesions in guinea-pigs. 
Studying milk containing antibodies and producing typicas 
lesion in guinea-pigs. 


Part If. 


A study of the effect of Bact. abortus upon man. 
Introduction. 
Review of literature. 
Technic employed. 
Investigational work. 
A study of the presence of antibodies for Bact. abortus in the 
blood of adults. 
A study of the antibody content of the blood of persons drinking 
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A study of the antibody content of human blood serum while in- 
dividuals are drinking a milk which does not contain antibodies 
but to which a pure culture of this organism is added. 
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Part ELE 


Facts disclosed in a study of the presence of Bact. abortus in milk by 
means of the agglutination test. 
Introduction. 
Review of literature. 
Technic employed. 
Investigational work. 
Prevalence of Bact. abortus infected udders. 
Duration of Bact. abortus infection in udders. 
A study of the methods by which the udder becomes infected. 
Age at which infection first appears in udders. 


Summary and Conclusions. 
Park 
Part Ii: 
Bart TE. 
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A STUDY OF THE PRESENCE OF BACTERIUM ABORTUS (BANG) 
IN MILK. 


INTRODUCTION. 


While Bact. abortus (Bang), the organism that is generally thought 
to be the causative bacterium of the disease of cattle called contagious 
abortion was isolated by Bang in 1896, and his findings were later con- 
firmed by other continental investigators, the organism was not isolated 
in England until 1909 and not until 1911 in the United States. In that 
year MacNeal and Kerr isolated from two cases of infectious abortion or- 
ganisms which they regarded as identical with Bang’s bacterium. 

They describe this organism as follows: “The organism is a very 
small short rod, usually oval in shape, from 0.8 microns to 2.0 microns 
long by 0.7 microns wide, practically always single, rarely in short 
threads of two to four cells. It is not motile, and does not form spores. 
It stains with moderate rapidity with the ordinary aniline dyes, and is 
decolorized by Gram’s method. The colonies on serum agar are raised, 
with smooth circular borders, appearing almost like drops of dew. They 
are transparent and very clear, with a bluish gray color by transmitted 
light. Under the microscope a few coarse granules may be seen near the 
center of the colony but the greater part of it appears very homogeneous 
and almost water clear. The appearance of the colony is really a very 
characteristic feature of the organism and enables one to distinguish 
readily the colony of the abortion bacillus from other colonies on the 
serum agar plates.” 

Another characteristic of this organism that is of value as a means of 
identification and that is largely responsible for the difficulty of isola- 
tion is its relation toward oxygen. 

It has been shown that this organism when first isolated from dis- 
eased tissues will not grow under aerobic conditions, or under anaerobic 
conditions but requires an atmosphere partially depleted of oxygen. 
This atmospheric condition may be obtained artificially by growing the 
culture in a closed jar with a culture of Bacillus subtilis, one square 
centimeter of fresh growth of B. subtilis to each fifteen cubic centimeters 
of jar capacity giving the proper oxygen tension. In agar shakes of 
the newly isolated organism, growth will appear in a zone at a depth at 
which the proper amount of oxygen is present. This is usually about 
one cm. below the surface. 

In 1912 Melvin reported that Mohler of the Pathological Division and 
Schroeder and Cotton of the Experiment Station of the Bureau of 
Animal Industry had isolated an organism from milk which was identical 
with the bacterium of infectious abortion. 

Schroeder and Cotton consider the most remarkable thing about this 
organism to be its explusion from the bodies of apparently healthy 
cows with their milk. They prove this to be a fact by repeatedly demon- 
strating the presence of the organism in milk which had been collected 
with the greatest care against outside contamination. Cows which had 
previously been found to be infected were used. They also demonstrated 
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the presence of the organism in the front quarter of an infected animal 
after death. 

Post-mortem examinations of cows reveal nothing to explain the 
persistent occurrence of the organism in the milk, except a few small 
areas of slight induration in the udder. The authors found Bact. abortus 
in 8 samples of market milk among 77 samples tested (over 11 per cent) 
and in the milk distributed by 6 of 31 dairies (over 19 per cent). Data 
available at the Experiment Station of the Bureau show that the 
bacterium of contagious abortion may be eliminated continuously for 
years with the milk of infected cows that no longer abort. 

Mohler and Traum examined sera from 42 human beings. They ob- 
tained no positive results either by complement-fixation or agglutination 
tests. They also obtained tonsils from milk-consuming children at the 
various hospitals and inoculated guinea-pigs. Out of 56 tonsils and 
adenoids injected into guinea-pigs, tonsil No. 3 produced nodular areas 
in the liver, but cultures from this organ remained sterile. Tonsils from 
case No. 8 injected into 2 guinea-pigs produced in one of them after 
three months distinct lesions in the liver, spleen, and testicles, and 
Bact. abortus was obtained from the lesions. 

Using 12 cows from a pure-bred Guernsey herd, two of which had 
aborted—the rest being chosen indiscriminately, Fabyan was unable to 
demonstrate the presence of Bact. abortus in the milk of any animals 
by cultural methods, but found the milk from the two cows that had 
aborted to have a much higher initial bacterial count. He also made 
guinea-pig inoculations using cream and a mixture of cream and sedi- 
ment. He sums up his results as follows: “These tests show that Bact. 
abortus may be demonstrated by inoculation into guinea-pigs when 
cultural methods fail. They also show that B. abortus was present in 
a herd of cows kept under special precautions; that it was found in 
the milk of a cow which had aborted at the eighth, but not in one which 
had aborted in the third month, and that it was present in the milk of 
a cow which had calved eleven months previous and which had probably 
given infected milk continuously for nearly a year. It is furthermore 
evident that milk furnishes a medium in which B. abortus may multiply 
over long periods of time and remain as a constant source of infection 
for other cows.” 

Zwick and Krage demonstrated culturally the presence of the abortion 
bacillus in the milk of a cow that had aborted 14 days previously; then 
in an animal that had aborted 6 months previously and then in an animal 
15 months after abortion. No abnormalties were discoverable by clinical 
examination, either in the udder or in the associated glands. The au- 
thors therefore conclude that either the bacillus is able to pass through 
the udder without producing lesions at all, or that the lesions are so 
slight as to be unrecognizable clinically. In order to determine whether 
the bacillus is responsible for lesions in the udder or changes in the milk 
and for how long injected bacilli may be excreted with milk, experiments 
were made in which bacilli were injected into the right halves of the 
udders of two goats. Examination of the milk showed that the abortion 
bacilli were excreted therein for a period of 3 to 5 months after the in- 
jection and that for about 8 weeks the number excreted hardly varied. 
Bacilli were never obtained from milk withdrawn from the left halves 
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of the udders. During the whole of the period covered by the experiment 
there was no visible alteration either in the udders or in the milk. 

A second series of experiments was made in which two goats were in- 
oculated subcutaneously with 10 ¢.c. of an emulsion of the bacillus in 
salt solution, and a third intravenously with the same quantity of an 
emulsion or about half the density. 

The abortion bacillus was excreted in the milk of 2 of the goats (one 
infected subcutaneously and one intravenously) 24 hours after injection. 
The excretion of bacilli had not ceased 8 weeks after the commencement 
of the experiments. In the other goat inoculated subcutaneously the 
bacillus was not found in the milk 24 hours after inoculation, and it was 
found only on the 4 following days. 

Cotton concludes from his investigations that: “1. The bacillus of 
infectious abortion may and in most cases does persist in the udders of 
cows that have aborted, for years and possibly for the balance of their 
lives; and during this time is eliminated more or less continuously with 
their milk.” 

“2. It may make its appearance in the milk months before abortion 
occurs, even before a conception that is terminated by an abortion.” 

“3. It may be eliminated for years from the udders of cows that 
have never aborted.” 

The investigators mentioned in the foregoing review have shown that 
Bact. abortus is often present in milk as it comes from the udders of 
apparently healthy cows. If this is accepted as true it is easy to see 
that the infection might be spread to young calves through the medium 
of the milk. The possibility of human infection must also be considered. 

It now remains to develop more delicate and rapid methods for de- 
tecting the presence of this organism in milk, in order that a greater 
number of samples may be examined, and that conclusions as to the 
significance of the presence of this bacterium in milk may be more rapidly 
obtained. 

With these objects in view our investigations were directed along the 
following lines: 

Part I. Methods of studying the presence of Bact. abortus in milk. 

Part II. A study of the effect of Bact. abortus upon man. 

Part III. Facts disclosed by a study of the presence of Bact. abortus 

in milk by means of the Agglutination Test. 


Prarie 


Methods of Studying the Presence of Bacteriwm abortus (Bang) in Milk. 


As mentioned in the introduction to this paper the isolation of Bact. 
abortus from infected material is very difficult owing to the fact that 
this organism when first isolated is neither aerobic nor anaerobic but 
requires an atmosphere for growth which is partially depleted of oxygen. 
This proper oxygen pressure has been obtained by investigators in 
several ways. Briefly these are as follows: 

In the cultural method devised by Nowak, the proper oxygen tension is 
obtained by growing agar streaks of the suspected material in a closed 
jar with Bacillus subtilis, having one sq. cm. of culture surface for each 
15 cc. of jar capacity. The small colonies usually will have appeared 
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at the end of four days. If these colonies are picked off with a platinum 
needle and agar shakes made it will be found that a zone of growth will 
appear at a depth below the surface at which the proper amount of 
oxygen is present. This is usually about 1 cm. with a second faint zone 
sometimes appearing at a greater depth. While the writer has isolated 
Bact. abortus from milk sediment by this method, it is too tedious a 
process to apply to any number of samples. Plates are likely to be over- 
erown with colonies of fast-growing organisms, and the method has the 
further disadvantage of requiring several weeks to isolate and identify 
the cultures. 

Alkaline pyrogallol has been used by several investigators to obtain 
the desired amount of oxygen in a closed jar, but without any great 
success. 

Others claim that if an inoculated agar slant is sealed and incubated 
there will be a period at which the proper amount of oxygen is present 
due to partial absorption of oxygen by the agar. 

Miss Evans succeeded in isolating from milk, organisms which she 
believes to be Bact. abortus, by plating on ordinary lactose agar to 
which 10 per cent of sterile blood serum was added just before plating. 
After incubating for four days, the colonies which developed were trans- 
ferred to nutrient broth containing 1 per cent of glycerine and to tubes 
of whole milk containing litmus. 

Dr. Giltner has devised an H tube which has been found of great value 
in growing newly isolated cultures of Bact. abortus. One arm of the 
tube contains ordinary agar upon which B. subtilis is grown. The other 
arm of the tube contains a serum agar slant upon which the culture of 
Bact. abortus is inoculated. The cotton plugs are pushed down into 
the tubes and tight rubber stoppers inserted. This method is more con- 
venient than the ordinary jar method as it is possible to open one tube 
without disturbing others as in the jar method. It has the further ad- 
vantage that the culture can easily be watched and handled. 

Another method of study, the inoculation of guinea-pigs with the 
milk, while more reliable, is far from satisfactory, owing to the fact that 
it takes 8 to 10 weeks for the lesions to develop, and it is probable that 
the organisms must be present in large numbers to cause the character- 
istic lesions with the 5 c.c. of milk used for inoculation. 

In the investigation of the effect on milk of the diseases of the cow, 
with special reference to infectious abortion, it was found desirable to 
examine a large number of samples to determine whether or not Bact. 
abortus was being passed with the milk. The cultural and animal in- 
oculation methods were the only ones found available for this work. 
As these methods are unsatisfactory because of the length of time re- 
quired, it has been found necessary to develop new technic in order to 
study a large number of samples. Knowing that this organism is some- 
times present in considerable numbers in milk as it comes from the 
cow’s udder, it was thought that this might indicate an infection of the 
udder and a consequent local production of antibodies. Zinsser says 
in this connection, that “it is more than probable that antibodies may 
be formed anywhere in the body and that the locality of their produc- 
tion is largely dependent upon the locality in which the antigen is con- 
centrated.” 

This led the writer to believe that the agglutination and complement 
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fixation tests might be of value in locating Bact. abortus infected udders 
and in studying the presence of this organism in milk. Tests were made 
using milk and milk serum instead of the usual method of using blood 
serum. Bact. abortus was used as antigen. 


TECHNIC EMPLOYED. 


Complement-Fixation Test—A modification of the complement-fixa: 
tion test as used by Surface was employed in the work. These modifi- 
cations were made by I. F. Huddleson. Antigen was prepared for the 
test by growing a culture of Bact. abortus upon ordinary agar, for 48 
hours. The growth was then washed off with a solution containing 0.9 
percent sodium chloride and 0.5 per cent phenol. The suspension was 
filtered through a coarse filter paper and standardized so that the turbid- 
ity compared with tube 5 of McFarland’s nephelometer. The suspension 
was then shaken for five hours to obtain homogeneity. When placed in 
a dark bottle and stored at 5° C. the titer of this antigen was found to 
remain constant for many months. No modifications were made in the 
preparation of complement, hemolysin and positive serum or in their 
titration. The outline shown in the table below was followed for these 
tests. 


OUTLINEZFOLLOWED FOR COMPLEMENT FIXATION TEST. 


Tube | Serum | anticen Cores NaCl % Hemoly- see ¥ Result 
No. | tested. g (1-4) dil 9% ag sin 1% cytes a 
8 2.5% | 8 
ait i ah Ree a iB 5 
b b ie b & 
(b) (b) Bc (b) Bo 
erect aLecs 2xt 2xt L5ee. ar 2xt SDCe: at No hemolysis. 
O) AS te .04cc. Dexat 2eat 1.5cc. | = Dixat 25ec: = | No hemolysis. 
Seis ats .02cc. eal Zea L5ees ||| o23 Dex .5cc. 23 No hemolysis. 
2. Veer, .005cc.| 2xt 2xt 1e5ces oo: 2xt 5DCG: 3: | Partial hemo- 
28 5 a2 lysis. 
Ba) eel Come aleees teeter 2xt 1.5cc. | Of Qxt .5cec. o— | Hemolysis. 
sty en des. WeGea anos Dx 4 1.5ce. | Sie Diet s5Celm lane Hemolysis. 


(a) Add sheep cells during first incubation to determine presence of natural hemolysin. 
(b) Two times titer found on titration. 


Rennet milk serum was used in the following quantities: 0.1, 0.04, 
0.02, and 0.005 c.e. 

Ageglutination Test.—Antigen was prepared for the agglutination test 
in the same way that it was prepared for the complement-fixation test 
except that it was not shaken and was standardized so that the turbid- 
ity compared with tube 1.5 of McFarland’s nephelometer. Four c.c. of 
this bacterial suspension was placed in each of the small test tubes and 
the following quantities of milk added: 0.1, 0.05, 0.025, 0.01, and 0.005 
c.c. In this way approximate dilutions of 1 to 50, 1 to 100, 1 to 200, 
1 to 500, and 1 to 1,000 were obtained. It was found that turbidity due 
to the whole milk added did not interfere with the reading of the re- 
action. When a dilution lower than 1 to 50 was made, rennet milk 
serum was used. : 


INVESTIGATIONAL WORK. 


It has been proposed by some investigators of infectious abortion 
that milk be used as a means of diagnosis. As it is often much easier 
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to obtain a sample of milk than to obtain a sample of blood, provided 
results are comparable, this method would be of great value. 

Melvin has stated that the agglutinating power of milk for Bact. 
abortus is approximately half as strong as that of the blood serum. 

A comparison of the Bact. abortus antibody content of the blood with 
that of the milk is shown in Table I. 


TABLE I.—COMPARING THE BACT, ABORTUS ANTIBODY CONTENT OF THE BLOOD 
WITH THAT OF THE MILK. 


Reaction of blood. Reaction of milk. 
Agglutination test. Comp. F. test. Agglutination test. Comp. F. test. 
Z 0.1 |0 05/0 025/0.01|0.005 | 0.1 |0.05\0 02510 010.005 | 
: -05/0. - -005 : -05)/0. -01/0.005 z 
zZ Gy Ce: | CEs eet) (ce: -1 | .04 | .02 |.005 CE NCCE ee | Cee NCC: -1 | .04 EF 005 
ie) 
Ue || el | _ = = SS Seah = = | = = ae War) oe |) 1 
85 | Dp = a = = ae it qrilese |) ae eae |ises|) a= p = qe igre) =) S 
97 | —|] — _ _ = SN ea ae) ie Tae cate eae = Sed) alee ll = 
Ute Nee |e = = qP 4 SP) SF Se] Se] Sey se f= = qe i Se |) ae = 
a S5 | 55 | - ==  bonaee Sty este {eaten [eect che serch ll ete ha el 
ING \— = | = = = =) =) =| =) se.) Se | cia | Dies Se anil en ft — 
} if 


*Milk from L. R. quarter. The milk from other quarters negative. 


In this table it is seen that there is apparently no constant relation 
between the Bact. abortus antibody content of the blood and of the 
milk. In some instances the blood reacts while the milk is negative and 
again in other instances the milk will react when the blood is negative. 
The fact that there seems to be no connection between the antibodies in 
the blood stream and those in the milk leads the writer to believe that 
the Bact. abortus antibodies in the milk are not to be accounted for by 
the usual statement that they come from the blood stream. Attempts 
are made in future experiments to explain the presence of these anti- 
bodies in the milk. 

In Table II it is shown that the Bact. abortus antibody content of 
milk may vary from quarter to quarter. 


TABLE II—SHOWING THAT THE BACT. ABORTUS ANTIBODY CONTENT OF MILK 
MAY VARY FROM QUARTER TO QUARTER. 


Agglutination test. Complement F. test. 
ee Quarter. 
0.1 0.05 0.02 0.01 0.005 
cc. ce, ce cc. ce. 1 04 02 -005 
nw IR aeons RG ss pea Dp _ - = — = = = =F 
aS ccccocoee + re + a = p _ — = 
SEtisidierelcetene + — — = 
ire eerarer tales p - - - - = = aS = 
fh caren RRs ata str - = = = = = os = 
ee eSeeeiave.s iz a ai _ — = = = as 
BEGe seals Dp =, = £4 & 
ee ocarcae p = - = = a: = = = 
QUE Jes Ev aRntereterse “+ p — = — = = Cz = 
150 ae Bae + + ae - - ae ds = x 
LER eters + == #5 - _ 3b = es ze 
1 A ee cnee + + ae =F a5 + + - zs 
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If the antibodies for Bact. abortus found in milk originate in the 
blood stream it would seem reasonable to expect their presence in the 
different quarters of the udder in about the same concentration. That 
this is not the case is seen in the above table. Here we find that one 
or more quarters may contain antibodies while the others are negative. 

The only way to account for this distribution of antibodies, it seems 
to the writer, is to assume that there might be an invasion of one or 
more quarters of the udder by Bact. abortus and a consequent local pro- 
duction of antibodies. If this is found to be the case these tests might 
prove to be of great value in studying the presence of Bact. abortus in 
milk. 

As has been stated previously, the only means we now have of study- 
ing the presence of Bact. abortus in milk are far from satisfactory in 
that they are not delicate and require such an expenditure of time that 
it is possible to study only a limited number of samples. By testing for 
Bact. abortus antibodies, if these prove to indicate infected quarters of 
a cow’s udder, it would be possible to examine many samples of milk 
Where we now examine one. 

The agglutination test is simple and in blood serum tests gives ap- 
proximately the same results as the complement fixation test. To deter- 
mine whether or not the complement fixation test might be omitted a 
comparison was made of the agglutination and complement fixation 
reactions testing milk instead of blood serum. This is shown in Table 
JRE 


TABLE III.—A COMPARISON OF THE AGGLUTINATION AND COMPLEMENT FIXATION 
REACTIONS FOR BACT. ABORTUS INFECTION TESTING MILK INSTEAD OF BLOOD 
SERUM. 


Agglutination test Comp. F. test Agglutination test Comp. F. test 
S| 0.1 10.05} 0.025 |0.01] 0.005 = 10.1} 0.05 | 0.025 |0.01] 0.005 
a ec: nee ce ce. ce. -1 | .04 | .02 | .005 FI cc. (He cc. ce. ce. 1 04 | .02 | .005 
1 }p}/—} —{—-]} - |=/-|=] -— |] tw [4+] 4+) 4 [=] = |=] ]qqe 
2 ple) — fet | pla pat = iat ae abe) po) = 9 aoe eee 
Oc en a I ees | 
BSED ices y| eae eal ea baa re Ne 19 oe] ot) a} PB) ee 
B Pt iat tw) SH Pease SH 20] ee) ee 
6i+/+/ + ]no]/ —-]+/4+/4+] -— |] 2 J+] +] +4 ]-!1 - |-}]-l-1- 
Teh ee ey lp Pome PR a ee i ea 
8 fet) po fa} a lal] pf Hol 28 fae | | 
Orta | eta lessee all meee ag as | sa a | eee No oe eae (eel alee || si || iD | = 
100} +) p)]t— |=—}-—-|=f=|=] = |) 2 |+) + + | 2) = eee 
gp Ss ld (cga fM aR efit le ae [260 Ph Ss) Oh i en 
oe tal ated] Merton Peer ct tel 27 tb lock | eo) | ee a ee 
18 aS ea isa eais dhaststte eh 28 tee | De 
Be i a a oo 20) Da a) 
gee PRS pe | = “ 3 |p| — | — |=| — Ba +|— 


In this table it is seen that the agglutination test reveals a higher 
percentage of positive samples than does the complement fixation test 
and is apparently more delicate. For these reasons the complement 
fixation test is omitted in some of the following experiments. 

For the experiment given in Table IV, a cow was selected whose milk 
had given a negative agglutination reaction since first tested, October 
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10, 1914, using Bact. abortus as antigen. Thirty-five c.c. of a 48-hour 
broth culture of Bact. abortus were introduced into the right rear 
quarter after it had been milked dry. As shown in the table, the 
agglutinins had appeared in the right rear quarter the following day 
and soon spread to the other quarters. This spreading was probably 
brought about by the organism being carried from quarter to quarter 
upon the hands during milking. After the cow freshened the reaction 
was seen to die out gradually. 


TABLE IV.— SHOWING THE APPEARANCE IN MILK OF AGGLUTININS FOR BACTERIUM 
ABORTUS AFTER THE INTRODUCTION INTO THE COW’S UDDER OF A PURE CUL- 
TURE OF BACT. ABORTUS. (a) 5 


(Agglutination reaction at middle of milking, when various quantities of milk were added to test tubes 
containing bacterial suspension.) 


Right rear quarter Right front quarter | Left rear quarter Left front quarter 


Date 


0.1 |0.05}0.025}0.01)0.005| 0.1 |0.05)0.025/0.01/0.005 
ec. | cc. | cc. | cc. | cc. | ce. | ec. | cc. | ce. | cc. 


0.1 0.050.025 0.01/0.005} 0.1 |0.05/0.025/0.01/0.005 
ce: || Ge. |ce., |e.) ee. lee: ec. | “cc. | ce: | ec. 
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(a) In all cases, unless otherwise stated, the milk was taken a little before what was estimated to 
be the middle of the milking. - 

(b) 35 c.c. of a 48-hour broth culture of Bact. abortus introduced into right rear quarter. 

(ec) Cow calved. Bull calf died on Mar. 13, 1915, owing to undigested curd. Reaction of blood of 
calf; —agglutination; -+-complement-fixation test. 


In Table V we have the record of another cow treated in much the 
same way as the cow in Table IV, except that a smaller amount of Bact. 
abortus culture was introduced into the right front quarter where it 
produced the agglutination reaction indicating infection. The infection, 
however, had not spread to the other quarters when last tested, though 
it remained strong in the right front quarter. Cultures used in this 
test may have lost some of their virulence having been grown under 
laboratory conditions for over a year. 
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TABLE V.—SHOWING THE APPEARANCE OF BACT. ABORTUS AGGLUTININS IN A 
COW'S UDDER AFTER THE INTRODUCTION OF A CULTURE OF BACT. ABORTUS. 


(Agglutination reaction when various quantities of fore milk were added to the test tubes containing 
bacterial suspension.) 


| 
Right rear quarter Right front quarter Left rear quarter Left front quarter 

Date rc ss POSER SATE (eo 
0.1 0.05)0.025 0.01)0.005| 0.1 |0.05/0.025)0.01)0.005} 0.1 |0.05)/0.025)0.01/0.005) 0.1 |0.05)0.025/0.01)0.005 
cc. | cc. | cc. | ec. | cc. | cc. | cc. | cc. | cc. | cc. | cc. | cc. | ec. | cc. | ec. | cc. | ce. | ce. | ec. | ec. 
10-12-16.) —-| —| —{|-—] —}]-/]-—]| —|-] —/-/]-]| —]-|] -—-]-]-] -—]-] - 
10-16-16...) —| —} — | —| — fol} = f—] =| =—]—] =—) 2) = |=) eee 

iA S| Srosiloaolooodn ieyeval| (erarcter= ajyala a a 
10-17-16... p|— | —|—|— {+14} —|)-—[=—1=-1=-| = |-=|—|4)4 34 
10-19-16.) po} =} — |} —f = 14) pp y=) = Pala j= ba ed SS Se eee 
10-23-16.) p| p| —|—| —|/+/4+]/+]—/] —|-|]-| —|-| —|-|-}) —]=]/= 
10-30-16... —| — | — } =| = ble) 9 2) SS Se ee ee 
11-8-i6..|—|—| —| =| =|4+/4) —J=) = )-)-|- HS) Se eS ae 
110-10. |) St ee ee Se SSS a en 
11-14-16.) —| —|) — | -| —|+]}/4+)4]-/}-—-]-};-; -|}-/}/-|-]}-]=-|]-] - 
Oe | i en ee Re GE HL cs cal Lar fu cee IAC MIE a TREN fp 


(a) 5 ¢.c. of a 48 hour broth culture of Bact. abortus, a mixture of strains A, I and III were inoculated 
into the milk cistern of the right front quarter immediately after milking. 


It seems that the appearance of antibodies in the milk soon after the 
introduction of a pure culture into the milk cistern would be sufficient 
grounds for concluding that, conversely, the appearance of agglutinins 
in the milk would indicate a Bact. abortus infection. This might be a 
local infection of the udder or it might be due to an infection in which 
the antibodies present in the blood stream appear in the milk by diffusion 
from the blood. 

That the appearance of Bact. abortus antibodies in the milk indicates 
an infection of the cow’s udder and not diffusion of the antibodies from 
the blood stream is indicated in Table I where there is apparently no 
connection between the antibodies of the blood stream and those of the 
milk. In some instances milk having a negative or weak antibody con- 
tent was taken from cows having a strong blood reaction and vice versa. 

Another fact which shows that the antibodies present in the milk do 
not come from the blood stream is brought out in Table II where it is 
found that the antibody content of the milk may vary from quarter to 
quarter. If the antibodies had their source in the blood stream the 
milk from each quarter should be expected to have about the same con- 
centration of antibodies. 

Table VI gives the history of milk from a cow with a record of fre- 
quent abortions. As shown in the table, the isolation of Bact. abortus 
from the milk and the results of guinea-pig inoculation prove the pres- 
ence of this bacterium, as indicated by agglutination reactions. 
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TABLE VI.—HISTORY OF MILK FROM A COW WITH A RECORD OF FREQUENT 


ABORTIONS. (a) 


(Agglutination reaction at middle of milking, when various quantities of milk were added to test tubes 
containing bacterial suspension.) 


Date 


1914 


Jan. 10(b).|. 


Apr. 30... 
Maya Oise: 
June 20... 
duly 


July 12(c).}. 


Aug. 10... 
Aug. 28... 
Oct: 10... 
Oct. 31... 


Nov. 19(d).}.. 


(a) Known abortions: 


of abortions lost. 
(b) Isolated a pure culture of Bact. abortus direct from milk. ; 
(c) Guinea pigs inoculated intra-abdominally with milk from each quarter had typical Bact. aborius 
lesions when autopsies were performed eight weeks later. te ; 
(d) Died; impaction of stomach. No lesions or abnormal conditions found in udder. 


In Tables VII and VIII the records of milk from two additional cows 


are given. 


Left front quarter 


Right rear quarter Right front quarter Left rear quarter 
0.1 |0.05)0.025)0.01)0.005) 0.1 |0.05/0.025 0.010.005 0.1 |0.05/0.025)0.01)0.005 
Ges |;ce. }ces ||) ccs )|) cas CCe ccs | ccs |) ees || icc. || Ces cc. | Tec. |) ce) |) \ce: 
Se ae ar |) See Se | seal) Ta Sah ay Ge ae fp eel i 
261 4e Se i |) =) 4e 4 | ee Pa | = ary ae |) se ye = 
sp) SS ae se aR | ae a | 
42 sr lS p= | Sse Pa eS aS sei ae = le | = 
se se) =) =| = se hse = le] = |selae| se |e] = 
Je ise im |] = fae herd ae fa sar [se] ars | = 


0.1 |0.05 0.025)0.01)0.005 
cc. | cc. | Cc. | CC. | CC. 
Foatllonaelesacel oo | eee 
Sed eae rea rae ea ee 
selbetanlapatsrelh <7 a 
sip eeu apices 
Teal eE pT ead cae aes 
Sed par ae pavN leon te 
Si (seal eee Tera | 
seals "al Seca 
ash (era Rand al | Po 


Dec., 1909; Jan., 1914. Jan., 1911, last living normal] calf. Other records 


Here again we have positive agglutinations coupled with 


abortions and milk shown to contain Bact. abortus by guinea-pig inocula- 


tion. 


TABLE VII.—HISTORY OF MILK FROM A COW WITH A RECORD OF FREQUENT 


ABORTIONS. 


(Agglutination reaction at middle of milking, when various quantities of milk were added to test tubes 
containing bacterial suspension.) 


Date 


Right rear quarter 


Right front quarter 


Left rear quarter 


0.1 


0.05 


1914 
July 20... 


Aug. 4(a)..|. 
Aug. 10...! 


Aug. 24... 
Oct. 1 


Nov. 27(b).|. 


Nov. 27.. 
Deen 22): 


1915 
Ae hho Gage 


Mar. 25... 
June 8... 


June 30(c).|.. 


Sept. 10(d) 
Oct.-10.. 
Nov. 4... 


0.1 
Ue 


0.05 
ce. 


0.025/0.01 


cc. 


++i +++: + 
++i +++: 9 


| 


++i +++: + 
++: +++: + 


++ 


cc. 


(a) Guinea pigs inoculated intra-abdominally with milk from each 


0.005 
ce. 


lesions when autopsies were performed 10 weeks later. 
(b) Aborted a 7-month fetus. ; ’ 
(c) Right rear quarter, positive guinea-pig inoculation. Right front quarter lost, and left rear 
and left front quarters negative. 
(d) Aborted a 7-month fetus, 


0.1 |0.05 


ce. 


0.025 
ce. 


0.01|0.005 
cc. | ce. 


t+: $44: + 
++) +++: + 


=o 


Left front quarter 
0.1 |0.05)0.025 0.010.005 
ce; | ce. | cc. |\ cc. || ec. 
Hey Teas | | 
ae se |p = ll 
See) apolar |i ll 
qe par ara a= 
i ee eee Re 
Bee a =< ee 
Pral ese eh | as 
oF | qe le =p = 


quarter had typical Bact. abortus 


638 STATE BOARD OF AGRICULTURE. 


TABLE VIII.—HISTORY OF MILK FROM A COW THAT HAS ABORTED. 


(Agglutination reaction at middle of milking, when various quantities of milk were added to test tubes 
containing bacterial suspension.) 


Right rear quarter Right front quarter Left rear quarter Left front quarter 
Date ; | od hoe ei ent 
0.1 |0.05 0.025/0.01/0.005| 0.1 0.05 0.025/0.01}0.005) 0.1 }0.05)0.025)0.01 0.005) 0.1 |0.05)0.025)0.01/0.005 
ce. | cc. | ce. | cc. | ce. cc. | cc. | ce. | cc. | ec. |-cc. | cc. | cc. | cc. | cc. | cc. | cc. | ce. | ce. | cc. 
1915 
July’ (1i(a)3| SoS elie sacleeeiee steieiel| savher | eisieys Waocel erica roca acne BAe bol Broce eee eec br 2 sieve eae sympa aa ail ee 
Octs 822.) se) Seta te) te a ara ra 
eth | Poel Deals ere Meal: al Se EOC Seca ccs Pat al (deh: Yoel ede oc eae Wn Fe i 
Now 40/214) + (—)— | 44) j=) =] |) $2) = | 40] ee eee 
1916 
Jan. 19...) +/+] +/+] P}+)/4+)/4+]—-] -|4+/P]=—]-| —|4+/4+] #leI/- 
Mar. 14...) - | +) ) Fy) by) e] RP =H EE OP ae ee 
| 


(a) Guinea pigs inoculated intra-abdominally with milk from each quarter had typical Bact. abortus 
lesions and blood reactions. 
(b) Aborted an 8 months foetus. 


In Table IX is given the record of milk from a cow that has never 
aborted. On June 16, 1915, agglutinins had appeared in all but the left 
front quarter. Guinea-pig inoculations made on June 30 were positive 
for infectious abortion in all but the left front quarter. On October 16, 
1915, the reaction had spread to the left front quarter. 


TABLE IX.—HISTORY OF MILK FROM A COW THAT HAS NEVER ABORTED. 


(Agglutination reaction at middle of milking, when various quantities of milk were added to test tubes 
containing bacterial suspension.) 


| Right rear quarter Right front quarter Left rear quarter Left front quarter 
Date | a ne a a cai. | 
0.1 |0.05,0.025}0.01/0.005) 0.1 0.05/0.025/0.01 0.005) 0.1 |0.05)0.025)0.01,0.005, 0.1 |0.05)0.025)0.01,0.005 
ec. | ec. | cc. | cc. | ce. | ec. | ce. | ec. | ec. | ec. | cc. | cc. | cc. | cc. | ec. | ec. | ce. | ce. | ce. | ce. 
1915 | 
Apt. 9...) = =o = | aH a ee a a al ee 
June 16...) + | P| =— y=] P= Py PB = a eB a ae ee 
(a)Tumne 30" | sya. perl ecccvcl | tera evacctaest| ce ceel| costes tons Bee a seteen ace 1| PRG eso c sadd|aae tz] Senel|leeee | See eee 
Oct. 16...) +) ] Poy =) Se ee ee a ae 
1916 | 
Jan. 190.) | ioe |e) aH ee] te ap aH | EY] Be OE ee 


(a) Guinea pigs inoculated intra-abdominally with milk from each quarter had typical Bact. abortus 
lesions and blood reactions, with exception of left front quarter, which was normal. 


When the antibodies for Bact. abortus were found present in the milk, 
especially in great concentration this organism was usually found also. 
That the organism was not always found when the antibodies were 
found the writer thinks may be due to the fact that the infection was 
disappearing or was so slight that there were not enough organisms 
present to cause the disease in guinea pigs with the 5 c.c. of milk used 
for inoculation. 

In Table X will be found the record of milk that had a positive anti- 
body content but in which Bact. abortus was not demonstrated by guinea 
pig inoculation. 
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TABLE X.—HISTORY OF MILK CONTAINING BACT. ABORTUS ANTIBODIES BUT 
GIVING NEGATIVE GUINEA PIG INOCULATIONS. 


(Agglutination reaction at middle of milking, when various quantities of milk were added to test tube 
containing bacterial suspension.) 


Right rear quarter Right front quarter Left rear quarter Left front quarter 
Date | ime eine a oo 
0.1 |0.05/0.025,0.01/0.005) 0.1 |0.05)0.025 0.01'0.005; 0.1 |0.05/0.025)0.01 0.005) 0.1 |0.05/0.025)0.01/0.005 
cc: | cc..| ce. | ec. | cc. | ce..| cc. | ce. | ©. | ec. | -cc. | cc: | ge. | cc. | ‘cc. | cc. | ce. | ce. | cc. |) ce. 
Cow 87 | 
1914 
BPrETIO MNO nee fh fatal etme fans fea fa [tats ne BP a hove, cilhcte wrall ohare evsl|loiicts|iciee ee +)/4+})4+/)4+/@a— 
Jonestts 3 ee ye ste ee et Se ae a onciwiicteroc [let ore lllctes evel eter ores ae |i ae) sei) 22 i)= 
PRET TB ae IRS SO fe ee faa) | ea a a a | el i i Bel Seal labood |eoee lecore +;P;}—/]—-] = 
Sf PEC (Ue ge ea [cae (ea 2 id eT al ea ee [ee noi bod neoor —{—|—-/-] — 
jd UTR (SN est VR Ve a (ee er in| (oo aed rete nico —-}/-|; -—-|-] =- 
Aug. 4...|(A)| (A)| (A) | (A)| (A) 

SNE TWD eee EH at i aE | fl) es | a el Oo el letra dao os] scragil aaricic —/!—-|]-—-|j|-] - 
(Oye re Ais | PRS a a 2 Mt a Sle FR 2 ae ae A cer) rnc eon lace mecca P| — —|-— 
Cow 107 P 
Mee yah ee eee ee ee ere epi eS 
Wee Pe cohf LPS |e) eee ee NP Ne |) ee Se | a ey ae ey) ef) 
June 12...) +] +) P}|}—/—|]PJ]—} —{/—-}| —/|4+/}]+/]4+])/+/] -—|]+/4+]4+)/)P)] - 
July 11...; —| —} — |] -—]| —]|+]P eS te ee ee St SNe re man 6) (ese || 2 

July 12...| (A) | (A) | (A) | (A) | (A) ; 
July aa 3), SE | Seca || de |) ae e sear lear Reise |) se) 4s |i sell lef sedbardi ae |) ae) ae 
ug. -~—-}]—o]—-jJ-}+- —}—]—-}—-}—-}]—-}] —~-}]—-] -~-J}J-y-}] -J-] - 
Aug. 28....—]—|] —|—}] —/|+/4+/—]-] —/]-J]-|]—]/]-|-J/]-|]-|-!-|+ 
ES SSeS Si ek Sa a 2 Mage al ey ht in i yea Ul Vaca We al al ca Ue 
Dec. 18.... —| —| —~}| —]| —]|—]—-} -—]|—-|] —~]+/]4+/]4+4]/-] -—|]+/+/]4+/-] - 
1915 
Jan. 29...) +/+) +/+] —/]+!1P;}; —-]-—-] —~—} +34] 4+7-] —~—|]+}+/]4+/P] - 
od Sg gf og (br ram Us gl a 
ct. : = ! = = = 
Oct. 27...) (A) | (A) | (A) | (A) } (A) 
ING Axes SEAR ae aod) SE ee) dar eae oe) le tae toed) Se ieaedose 
Cow 111 
1915 
Wire Foss fin) | cates [fatatorsiell ass%ocal'siererars —|-|] —- = | eS ff — | | oy 
Oct. 27 (A) | (A) | (A) | (A) | (A) 
INGiS Cece neo eoaa eee adel Bane 4 P}—} —;—-] —/}|+/—-/] —~-/]—-!] —-/]-/|-|] -|-] - 
1916 
Mar. 30 PJ—}—-!/]-—-] -—-!1|P}]—-J —~;-! —;|+!l+]4+/-] —!}4+)4+14+/-1- 
May 16 Se | et fase Pama Pe a 8 a NN OU | (eae (Pea 
Cow 113 
1914 
May 14...; +} +] P | -—] —- Se | SS) ed) Ey ee) Nee es || a 
May 22...,; +} +! —/}]/—}] —}—}]—]}] —]J]—] —]|+i4+/]—-/]-] -—-/|]P/]-] -|-] - 
Jonet2=3.5|(-- jie — | — | —-|- me SE ee) ee SS) ey Se 
June 24...| (A) | (A)| (A) | (A)} (A) 
June 29...) +} +}/ —}—] —~— |} +}+] P}=—-} —|+i4+) —-}—-]}] —~—|}+/)4+] -]-] - 
aati yamiseee eye nce Tien EP | | Ue oH || Pee oa 
Aug. 10....—]—]}] —|—}] —/]+/4+!1—]—-/] —]-—-/|-] —/}]-] -~-J|-/]-!] -|/]-] - 
Aug. 24...)} +/+) +/)-—-] —]4+)/)4])—-]-|) -~}4+/)4+}])-/-] -~-]}4+/4+]-/);-|] - 
Och eTees a1 22 —/}—}—-]}]+]+]—-]-] —|4+]!P a) Ph ee ee Sl Se 
Oct. 27...,; +}/—]| —}|/—}] —/4+]/—-/] —]}]—-! —}]4+]-!] —-]-] —~-/]4+/-!] -!]-] - 
Nov.16...,; +} P| —|—]—j}4+]P]—-/]-—-/] —/|}4+/]—-] —|}-]| -—~-|]+/}P]}]-/]-] - 


ce. 


'0.01/0.005 


cc. 
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Right rear quarter Right front quarter Left rear quarter 
Date aa 
| 0.1 0.05'0.025/0.01/0.005} 0.1 |0.05)0.025)0.01/0.005! 0.1 |0.05/0.025 
cc. | cc. | cc. | cc. | cc. | ec. | cc. } cc. | cc. | ce. | ce. | ce. | ce. 
| 
1915 
Apr. 6...,; —} —} — ]/—] —/]—-/]—] —J}J]—-] —|]—-]-] - 
June 30...| (A) | (A)} (A) | (A)} (A) 
Oct. 16..., —| —| —|—}| —|—]—-] —}]—-] —|+]4+] 4+ 
Oct. 27...) (A) | (A) } (A) | (A) | (A) 
Nov. 4....-—-|—-]| —|—| —/]+]P/]—|]-]} —|+]+] P 
1916 
May 16....—/—]| —}—|] —/|—-/—]| =—]—-|] —|+#/4] - 


Left front quarter 


0.05 


0.025 0.01'0.005 


ce. 


(A)5 c. c. of milk from each quarter inoculated into guinea pigs with negative results. 
(a) Colostrum. 


(b) L. 


R. D 


Ty. 


@) Re Re Dry. 


cc. 


cc. 


The writer is satisfied that these are instances of Bact. abortus infec- 
tion though perhaps in a rather inactive stage. 
finding a means of selecting the cows having actively infected udders 
and consequently giving milk containing enormous numbers of Bact. 
abortus, a comparative study was made of the cellular and antibody 


content of the fore milk and the strippings. 


With a view toward 


In Table XI will be found 


such a study of milk capable of producing typical Bact. abortus lesions 
in guinea pigs. 
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TABLE XI.—A COMPARISON OF THE ANTIBODY AND CELLULAR CONTENT OF THE 
FORE MILK AND STRIPPINGS OF REACTING MILK CAPABLE OF CAUSING TYPICAL 
INFECTIOUS ABORTION LESIONS IN GUINEA PIGS. 


(Agglutination reaction when various quantities of milk were added to test tubes containing bacterial 
suspension.) 


Right Rear Quarter. Right Front Quarter. Left Rear Quarter. Left Front Quarter. 
Agglutina- Agglutina- Agglutina- Agelutina- 
tion. tion. tion. | tion. 
ipa Cells mos Cells ~ | Cells : Tie cells 
leslels} S| per c¢. ¢. Slices per c. ¢c. slelsle per'c..c: lslels|? per ¢. ¢. 
Si slFl slo 8) 3/Flg\ 9 elslelsls ol es I 
Srolaia|S Shojala S Pho ala!S Sholala|S 
=/S/S/SI/S njslejel|s also c/eis a/S\S/S\S 
S|S|S|o\o S\o|S/S|o SIS|S|S\|o == S52 
Cow No. 91: | | | 
Fore Milk..... +/+/+] Pi—|}  400,000)+/+)+/+|—] 1,200,000/+/+/+) P| P} 900,000/+)+/+/—|—| 4,500,000 
Strippings..... Shee aee| = Lao eaae sta] F|| 1 ee a atpiiar| L ae Stalate lata eel lees 9,0, 000 
Cow No. 81: ; : t é 
Fore Milk..... |+/+]+]+]-+|10,000,000)-+-|+-|+|-++| P| 1,500,000)-+-)+|+}—|—) 5,700,000|+/+|+|+/—| — 480,000 
Strippings..... +|+ ae Se BOO al al a aes B00 on S545 25) == td S5 55)a5] LE = econ 
Cow No. 77 ; ; j | ; 
Fore Milk..... +)+)+! P}— 30,000}+|)+/+} P|—! 3,000,000;+|+)/+/] P| P) 2,000,000\+| P| —|—}— 60,000 
Strippings..... H+} +|+|— 250,00 +)+)/+)/-—)- a ccree +-I-+|+| Pi — 25; 000 Or —|—|—|— 2,700: 000 
Cow No. 61 | ; : ; | : 
Fore Milk..... S555 45 | UFl= 30,000)-+|+)+; P;— 30,000; +|+)+) P)— 30,000) —|—|—|—|— 30,000 
Strippings. .... +)+]+] P}-— ee +{\+/+] P}— ea +i+/-+| P| P ue So be bed al fa ee 
Cow No. 996: ’ : ; : 
Fore Milk..... Le |S) | 30,000)/+) P} P}—|—} 1,900,000) —}—|—|}—|— 30,000) —|—| —|—|— 30,000 
Strippings..... P! Pi—|-|—- ries +/+/+] P}— 18,0), 000 —|-|- a aio —|-|-|-—);-— ee 


A. Guinea pigs inoculated with 5 c.c. of milk from each quarter developed typical Bact. abortus 
lesions and blood reactions. 

B. Guinea pigs inoculated with 5 c.c. of milk from each quarter developed typical Bact. abortus 
lesions and blood reactions. Exception, guinea pig inoculated from L. F. Quarter which did not de- 
velop lesions. 

C. Right front quarter of this cow’s udder inoculated with a pure culture of Bact. abortus 3 days 
previous to this test. See Table V. 


Here we see that in nearly every case the strippings have as high or 
a higher antibody and cellular content than does the fore milk. It seems 
to the writer that this is the condition which might be expected in case 
of an active Bact. abortus infection. The more vigorous manipulation 
of the udder during the stripping process tends to force the antibodies 
and cells of infected udder tissue into the milk stream. This results in 
the strippings having a high antibody and cellular content. In cow 996 
of this table the udder was artificially infected with a culture of Bact. 
abortus and it will be noticed that the comparative strength of the re- 
actions in the fore milk and strippings is the same as in the other in- 
stances in which the infection appeared naturally. 

In Table XII will be found a comparison of the antibody and cellular 
content of fore milk and strippings of reacting milk not capable of caus- 
ing typical Bact. abortus lesions and blood reactions in guinea pigs 
with the 5 c.c. of milk used for inoculation. 

681 
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TABLE XII.—A COMPARISON OF THE ANTIBODY AND CELLULAR CONTENT OF THE 
FORE MILK AND STRIPPINGS OF REACTING MILK NOT CAPABLE OF CAUSING 
TYPICAL BACT. ABORTUS LESIONS IN GUINEA PIGS WITH THE 5 c.c. USED FOR 
INOCULATION. 


(Agglutination reaction when various quantities of milk were added to test tubes containing bacterial 
suspension.) 


Right Rear Quarter. Right Front Quarter. Left Rear Quarter. Left Front Quarter. 
A) ie cd ie SI eelOllbss 3/215]/° 3/2131 S 
FS} 3/15/28 Cells 3} 3/2] 3) 2 Cells S}3/Phg|2 Cells o| -| 0] 19 Cells 
; Ney 1 1 Ne} .. 19 12 Ct. Sho] 2 has Na. 
S)3|8\5/8 per ¢. ¢. S)3/8)2/8 per ¢. ¢ S)s|8\3/8 per ¢. ¢ S\s\8\a/8 per c. ¢ 
HI) S|S|S/S|So I) S\S|do|[SI\o 
||| —|— Pe fire fo | P| 
Cow No. 105: 
Fore Milk..... +/+/+)P/—| 240,000)/+/-+)+} P|— 90,000)+-|-+!+-} P}—| 3,500,000)+-|+-;-+|—|—| 1,800,000 
Strippings..... PRB = 60,000} P| P}—|—|— 30,000) P| P —|—]| 2,500,000} P} P)—|—|—| 1,200,000 
A. A. A. A. 
Cow No. 71: 
Fore Milk..... =| =| =| =|— 60,000/—|—|—|—|—|  630,000/+)+/-+-/—|}—}  300,000/-++) P}—|—|— 30,000 
Strippings..... —|—|—|-|-— 90,000/—|—|—|—|—|  600,000)+|+} Pi—|—| 210,000) —|—|—|—|— 90,000 
B. B. B. B. 
Cow No. 89: 
Fore Milk. .... +|-+/+]—|]—| 3,600,000/+/+| P}—!—|  120,000/+/+)+-|—/—] 1,800,000) P} P|—|—|—| 150,000 
Strippings..... +] P} P}—|— Cre P| P}—|—|— ene +)+/+) P}— ae P| Pj—|—|— S000 


A. Guinea pigs inoculated with 5 c.c. of milk from each quarter did not develop Bact. abortus lesions 
and blood reaction. 

B. Guinea pigs inoculated with 5 c.c. of milk from each quarter did not develop Bact. abortus le- 
sions on blood reactions. Milk from L. R. quarter produced typical lesions in guinea pigs 2 years 
previously. 


Here we see a tendency for the strippings to have a lower antibody 
and cellular content than the fore milk. It seems to the writer that 
this might be due to the fact that infection is slight and of such a super- 
ficial nature that any antibodies and cells resulting may easily be washed 
away with the early portion of the milking. 


Parte, 


A Study of the Effect of Bacterium abortus upon Man. 


The investigations of Schroeder and Cotton, Fabyan, Moore, Zwick 
and Krage, Evans, Williams, Cooledge, and others prove that the or- 
ganism Bact. abortus is often present in milk when drawn from appar- 
ently normal cows. It is further shown that this organism is sometimes 
present in great numbers, and that the infected milk may be pathogenic 
for guinea pigs when five cubic centimeters are inoculated intra-ab- 
dominally. That this bacterium is the causative organism of infectious 
abortion in cattle, and will produce serious lesions in guinea pigs, and 
affect other experimental animals, is generally admitted. These facts 
have led a number of investigators to fear that milk containing this 
organism might be pathogenic for human beings, especially for children 
whose principal food is often raw cows’ milk. 

In writing of this organism Melvin says in this connection: “This 
bacillus may prove to be another danger in the use of raw milk as food, 
and may furnish an additional reason for taking advantage of the safe: 
guard afforded by pasteurization.” 


Note:—The author wishes to thank Mr. I. F. Huddleson for making many of the tests tabulated in 
Part II of this paper. ; 
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Mohler and Traum, in studying the pathogenicity of this organism to 
man, examined the sera from forty-two human beings by complement 
fixation and agglutination tests, using Bact. abortus as antigen. No 
positive results were obtained by these tests. The authors say: “Out 
of fifty-six tonsils and adenoids inoculated into guinea pigs, tonsil No. 
3 produced nodular areas in the liver, but cultures from this organ re- 
main sterile. Tonsils from case No 8, inoculated into two guinea pigs, 
showed in one of them after three months distinct lesions of infection in 
the liver, spleen, and testicles, and B. abortus was obtained from the 
lesions.” 

Larsen and Sedgwick have made an extended study of human infec- 
tion by this organism. They state: “If the B. abortus is pathogenic for 
human beings, as it is for guinea pigs, and can be transmitted through 
the digestive tract, as is the case with cattle, we would expect infants 
and children to be the subjects most frequently infected. We have to 
date examined the blood of four hundred and twenty-five children by the 
complement fixation methods, and have found at least some support of 
the above expressed hypothesis. Of these four hundred and twenty-five 
cases we found seventy-three positive and three hundred and fifty-two 
negative reactions. In other words, the blood of seventeen per cent con- 
tained antibodies against B. abortus.’ The same authors in an attempt 
to answer the question: ‘Are these antibodies in the blood of children 
the result of an active or passive immunity?” examined a number of 
samples of milk from cows that had recently aborted, without being 
able to demonstrate the presence of Bact. abortus antibodies. 

In their later investigations Sedgwick and Larsen found that new- 
born children who had not received cows’ milk gave negative blood re- 
actions in all of forty-two cases tested. One infant, taken from the breast 
on the seventh day after birth and fed on cows’ milk, gave a positive re- 
ation on the twenty-first day. Positive reaction was obtained in two 
children with enlarged spleens; children with many common diseases 
of childhood, including rickets, gave negative reactions. 

Nicholl and Pratt also obtained positive agglutination reactions with 

the blood sera of some children. In regard to their significance they 
say: 
“The presence of serum reactions is suggestive, but they again are not 
conclusive, failing the isolation of the bacillus from the lesions. That 
the ingestion of bacilli in large doses may be followed by the presence 
of antibodies in the blood, has been demonstrated by several investiga- 
GEOTIS. sre 7” 

Ramsey examined the blood of one hundred and sixteen children, of 
whom fifty-eight were boys and fifty-eight were girls. Of these, seven 
cases gave a positive complement fixation reaction—six boys and one 
girl. 

That this reaction of the blood of children may indicate a passive im- 
munity due to the ingestion of milk containing the antibodies is sug- 
gested by the work of Ehrlich and Wassermann, who found that young 
mice are capable of assimilating antitoxin through the intestinal canal 
and of storing it in the blood, thus acquiring a certain degree of passive 
immunity. 

The author has shown in another part of this paper that Bact. abortus 
antibodies are often present in milk as it comes from the udder of an 
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apparently normal cow, that these antibodies are often due to a local 
Bact. abortus infection, that one or more quarters may show the anti- 
bodies while the others are negative, and that the reaction may spread 
from quarter to quarter, or may gradually die out. 


TECHNIC EMPLOYED. 


The technic employed for the complement fixation and agglutination 
tests was the same as described in Part I of this paper. That Bact. 
abortus antibodies are often present in milk in great concentration has 
been shown in the data tabulated in Part I of this paper. 

The fact that antibodies are often present in milk leads us to suspect 
that the cases in which the appearance of antibodies in the blood of 
children have been looked upon as indicating infection, by Bact. abortus, 
are more probably due to an absorption of antibodies from the milk in 
the intestine and a consequent passive immunity. 

An examination has been made of the sera of a number of persons 
drinking raw milk, pasteurized milk, and no milk. by the complement 
fixation and agglutination tests using Bact. abortus as antigen. The 
result of this work is shown in Table I. 


TABLE I—SHOWING THE PRESENCE OF ee ia et FOR BACT, ABORTUS IN THE 
BLOOD OF ADULT 


| Agglutination Test. Cone ay eur 
: | Remarks. 
«Al | 10500 .0250) |" 2 Ol 2005 ail 04 02 005 
c.c. | C.C. | Che Gn Gh || One CG ene O55 I) Cac 
| | | 

Mr. A + | P ~ _ = h i ema A ep he Drinking raw cream. 
Miri B3 a... _ — = = — = SS | — | Drinking raw milk. 
Mir Gc ee 1e = - — — P _ - — Drinking raw milk. 
Mrs. D ree. | a= = - + iz - - Drinking raw milk. 
AY bol De eal - | = - — - - - | = _ Drinking raw milk. 
1 Greed ee ae -- — - - ~ ~ ae — Drinking raw milk. 
Mr. G.. — _ - —- | = = - - = Drinking Past. milk. 
Mr. H. = - | = - | =— — = - _ Drinking Past. milk. 
IMT le os — || - = ~ - - | = Drinking Past. milk. 
1 Gis fee aoe _ _— - — — | + — - | - Drinking Past. milk. 
Mr. K. _ —- — _ — | - = - _ Drinking no milk. 
Wie liar oc _ — _ _ — _ — _ Drinking no milk. 
Mr. M. — = _ _ — —- — _ Drinking no milk. 
Miss N. ~ = | _ _ - | - ~ _ = Drinking no milk. 


In this table it is seen that of the six persons who had been drinking 
raw milk or cream, previous to the test, three (or 50 per cent) gave a 
reaction to the complement fixation and agglutination tests. Of the 
four persons drinking pasteurized milk, one gave a reaction to the com- 
plement fixation test only. All four who had been drinking no milk 
gave negative reactions. 

Mrs. D., whose blood reacted to the test, had been drinking milk from 
Cow 71. Milk from one quarter of this cow’s udder contained the Bact. 
abortus antibodies as shown in Table No. II, Part I. 

Mr. A., of Table I, whose blood gave a strong reaction when this test 
was made, had been drinking about a pint of raw cream daily during 
the summer. 

The findings of other investigators and the results shown in Table I 
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satisfy the writer that the presence of the antibodies in human sera 
are due to the ingestion of infected milk, and might indicate active 
infection or merely a passive immunity due to the absorption of anti- 
bodies from the milk. 

To determine whether or not Bact. abortus antibodies could be made 
to appear in the sera of adults by ingestion of infected milk a feeding 
experiment was arranged. To obtain milk for this experiment cows 
were selected whose milk had a high Bact. abortus antibody content, and 
caused Bact. abortus lesions and blood reactions when five cubic centi- 
meters were inoculated into the abdominal cavity of guinea pigs. Dur- 
ing the twelve weeks of this experiment the milk was tested twice a 
month. The highest and lowest antibody content of the milk during this 
period is shown in Table II. 


TABLE II.—SHOWING THE BACT. ABORTUS ANTIBODY CONTENT OF THE MILK 
FED IN WORK REPORTED IN TABLE III. 


Lowest antibody content. | Highest antibody content. 
Agglutination | Complement | Agglutination Complement 
Cow. test. fixation test. test. fixation test. 
re Od 102515012005), 1 -4 | .02 |.005 1 05 |.025) .01 |.005; .1 .4 | .02 |.005 
cc. | cc. | ec. | ec. | ec. | ec. | ec. | ec. | ee. || ec. | ec. | ce. | ec. ; ec. | ec. | ec | ec. | cc 
| 
| I ea eg 
LE Ee spies | gee] MSE pee se ier == \Wieitanl aioe t= ieee mee (ie tei Ts has ale 
(Leceoe | arse ll ere es je elec | shell de eee as ene | ee a bl Sol Waal are ha 
NG a Paprreone (ete edd |p rd mm hn Fg a eer cte eee 
104. =a | lea eal ia et “ay pee ee Ni he Sette a Se SS SS SVE Spey Se | = 
Thee Sec st seg OE era ceed | ral ie jp Meet ced Oki 
Bil Pe Seas nctnch Peles ee oll eae een econo ee a Laven ka 


During the experiment shown in Table III each person was drinking 
daily for a period of eight weeks about a pint and a half of the milk 
shown in Table II. The antibody content of the human sera at the 
start, at the highest concentration during the test, and four weeks after 
the individuals had ceased to drink the milk, is shown. 
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TABLE III—SHOWING THE ANTIBODY CONTENT OF HUMAN SERA, AT START, AT 
HIGHEST POINT, AND AT 4 WEEKS AFTER LAST DRINKING. 


Complement Fixation 


Agglutination Test. Test 


IMTS Ala LATO ty ci suie > istea eles 


de 1b — [res 
FRIPTIOSE Naeire Gre Ges ates Bee rateye +b 4 ot — = + | + — 
ATT: 4 WEEKS: > jas wink 7s ponies 4- -} + — 


NI SHES ae eieie ssc tianeersiore te 2 | ma _ — — — Le _— - -- 
IATUET ACW EEKStieoacates ate ieee _ — -- - - — _ — “= 
rs CoS Sta cts, lacre centers eee 12? _ ~ - _ ie — - | = 
TOMES bs Aiea che a oteaw oases encom ee ees oe a — — — 12) - —- {| = 


MEPS I SCATG ra he eos icles eee ~ - — = = = — + 
Biiphiess Hs ecient ede + j}; - _~ _ _ le —- | = - 
INFECT A WEEKS's\..000 0. sai eaten _ _ = = = = at eae is 


IMISSiN Se Starters ee os even ae a — = = = = = = A ees 
Phe Stes ores ets ener tie - _ - _ _ — _ — - 
Wir? Ke Startnaicoste hints ooo ee — — — — = =. a — 
chest ee oe LS eee aa Sea — — — = = = = => lee 
ATE A WEEKS sn5 cree oe _ — — - = = a a = 


That Bact. abortus antibodies may appear in human sera, while an 
individual is drinking a Bact. abortus infected milk which is rich in anti- 
bodies, is shown in the above table. Of the seven persons drinking this 
milk there was an increased antibody content in the sera of five (or over 
seventy per cent). 

If the Bact. abortus antibodies present in the blood were due to an 
infection of the individual by organisms being present in the milk, it 
seems that we could expect a fairly high and lasting antibody content. 
On the other hand, if the antibodies present are due to a passive im- 
munity, we could expect but a weak reaction, which would persist for 
but a short time after one had ceased drinking the milk. It seems to 
the writer that the data given in the table suggest that the antibodies 
present are due to a passive immunity. We have the individuals drink- 
ing an enormous amount of antibodies daily and in over seventy per cent 
of the cases an increase in the antibody content of the blood during 
the eight weeks. In every instance the reaction is weak and shows a 
tendency to die out when the infected milk is no longer being fed. The 
fact that individuals were apparently in perfect health at all times dur- 
ing this experiment is a further indication that there was no active 
infection. 

That the Bact. abortus antibodies sometimes found present in human 
blood are due to a passive immunity and are not due to an active in- 
fection is further indicated by an experiment shown in Table IV. 
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TABLE IV.—SHOWING THE BACT. ABORTUS ANTIBODY CONTENT OF HUMAN BLOOD 
SERUM WHILE INDIVIDUALS ARE DRINKING A MILK WHICH DOES NOT CONTAIN 
BACT, ABORTUS ANTIBODIES BUT TO WHICH A PURE CULTURE OF THIS ORGAN- 
ISM WAS ADDED. 


Agglutination Test. Complement Fixation 


Test. 
fal .05 .025 -01 | .005 Ail .04 .02 .005 
Ciuc: CNC: enc: Gucs Gc: Gic: Gre: Cnc: cic: 
| 
Mr. C. 
SCAM Ue rarer tere eleven Sharia vitor aver eas. + ie _ — — 1B — _ —_ 
WEEKS aarcinte tele of soteueed oteh avers) aes, « ao P — - — P — _ — 
AEWOELS). «cc ohcis oss nage ate Tee + Le _ - | =— + — — — 
GIWECKS oe eo rote e tie sieteustese See _ _ _ rei oa as + 1 — — 
WE OK SG iarere cove dvelerrisincel eel Sree ss.ets oo - - —- |) = a - — — 
Mr. G. 
Uae ecacdiee debe ak racks oedenal trata — — — _ _ — — —- — 
DEW CEKS Sr ercct tiie era sctie ets creep ouerone P - _ — P — = o 
ANWEELB ice. cis > cris’ staleitieneis oiete anata 1 - = _ 1k - _ 
GEWEEKS eee ores class ale Se ruietateracshate ie — — — - 12 = o- - 


In Table III it is shown that in a high percentage of the cases there 
Was a noticable increase in the Bact. abortus antibody content of the 
blood, when individuals were drinking a naturally infected milk which 
was rich in antibodies. In the experiment, the results of which are 
shown in Table IV, milk was selected that had a negative Bact. abortus 
antibody content. A pint of this milk, to which 10 cc. of a 48-hour 
broth culture of Bact. abortus was added, was drunk daily by each per- 
son in the test. In the table it will be noticed that there is no apprecia- 
ble increase in the Bact. abortus antibody content when the individuals 
are drinking the milk and culture. While this test couldn’t be carried 
out in as extensive a manner as desirable the results suggest that in 
Table IV the reaction is due to a passive immunity previously acquired 
and not to an active infection caused by the presence of Bact. abortus. 
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TABLE V.—FURTHER TESTS SHOWING THE PRESENCE OF ANTIBODIES FOR BACT. 
ABORTUS IN THE BLOOD OF ADULTS. 


Agglutination Test. C. Fixation Test. | 
| SSS SS Remarks. 
} 1 | .05 1.025) .01].005| .1 | .04]| .021.005 
C.€.) (CCH C10.) | C08 | CIC HNC. C105 "Cie. | c.c 
Mr. A. oa a hFelo wise e's +/+ )]--—] - —|-—|-— | — | — | Drinking past. milk. 
ie ae tS ee — — = — mnt 2 wis) |iwiece ai) e)a, 5. wile (a) ele 
S—1OH=1 1 Saiciciete ois" - - — - — = = = a 
SHOR cies acess _ — _ = = 2 = = eos 
Mr. B. ees see eeeees +/+]+]-—-] -|] -]|-j| -—] — | Drinking raw milk. 
Pa ae | Ra baaee Bete bare [pace eo Poe deel else! Bel 
ES Ss y ne aS eae eM pac ae a (Pel pee a 
IMTiC: e221 Nios aunetayels +} +] —-} =|] —|] —| —| —| — | Drinking raw milk. 
BSN a ciod ote +/—-/} —/|] —-| —-| +] -}] -]|] - 
ECT eae ae S12 Heap tM anal Caco RE ee eee A ea 
SLO Nie aie cere ta _ - — — — = = ~ = 
Mr. D. gee vette eees —|-—-/-|]-)|-—)| +]- | -—| — | Drinking little raw milk. 
BAO. cal age | a ee eae Seige eet 
BNE res Peis _ _ _ - — P ed — = 
ay GSES Dean et Ea fy Se + + + - _ - — _ — Drinking raw milk. 
ES ee ee Bi ae a fe Fee pare ba ee Ce ee 
SLOT Soo athe ote +/]/+)]P _ — = = = fe 
B-IB-17 2 ee as a Pa a bea ES eS 
Miss Bi s|2—21-17 0.5 < sc oe —};—-—-/;—-}]—}|]—-—)|)—)] —| — | — | Drinking past. milk. 
MEGe 22th Ts pretties +} —-/}|—-j; -/] —| +] +] P — | Drinking raw milk. 
BES hme aioe 2, Pee la ee Re Re bai Fe een | PAE 
|3=10-17......... +/4+]/4]—-;-|+]-|]-] - 
ee sanee sa shape eter + + _ — = + =f = Ey 
Mr. H. =O A SS NY Rete nm alle _ _ _ _ _ — = = = Drinking past. milk. 
Sor ly eect, +-/—]| —} —| =~] +) +] -] = 
BEG s5 goboae Ao pede ely aes a SOS | oe CIR econ ee eee 
DV —Vie chert evacuees - _ _ — = = = = = 
Miss I. Hane yee AS cio P ip -|- P — | —| — | Drinking raw milk. 
or loot b/w ee itch (reid (ommrene, eer cl trates eionta |G a. alinfoe a lad coo 
3—10-17......... ie P “= - = zs = = as 
SISSLT co etre eoette 12 iP _ _ _ = = = a 
1 Red ber a Pee ESS oe eS SS ae = Se Drinkine past aine 
Bre Werke cares he Bos bg) ace 3|- et ee ee 
SIG Bi ee one +) +} 4+] —-] =] —-}] =] -] = 
SGA Tobe eee a Ne a ee (eee Bare bane eg |S 
AY, Ged (Ge | P= Fy fe a Acie +) + = — oo —_ — = — | Drinking raw milk. 
Sallie 1 Pa Salve | eS See 
PIS (Dif 2 oes aoe BS PE Sa PRI Sy ee nt a ESE as 
Mr. L. aries Ea | —-/}—-/]—!}]—}]—|] —]|—J| —J| — | Drinking past. milk. 
ee SY RB icy in - _ _ — _ = = = = 
3-10-17... 0.3.04. - _ aad - — — = = -— | 5 
S—15H17, oo. ecice oss Ie _ - — = = = = = 
Mr. M. ee Aol BOG Ac +} —| —|] —| —] -—| —| —| — | Drinking past. milk. 
Be Lo tf eae —_ - - — — —= = =. = 
310 = ee OT ee cee pe ae lhe a | es we fe 
a (ob ene ted aa) oe a ea 
10, Oya el PB oe ee ere +} +] —-] -|] —| +] —] -—] — | Drinking raw milk. ; 
S=0l- 17a ee Be Ee ee a ee: ae ee a a ot ec 
310-17 ts:.5 ce oe 35] ses ae ol Sa Sie 
Sth The. 3. Ae RE TES es eRe gS Bee a 
Mr.O. |2-21-17......... +/—{/—-—}]—/]—] +] —-—]| —|] — |Drinking a little raw milk. 
Ge TENhcemcomube ee ea ie ae ee eS es es 
PET SY eteterore: Sy fee eee, meee pees Cae ar BS ee 
cil aaa ae ga 2 Spey at ee ae 
Miss PS Sel Wisi tete ratte —-|-/!-]|]-—-]-]|P — | —]| — | Drinking past. milk. 
SOA eacieistere a - _ — — = = = = 
Mir Qs |S — eller eiame eee —{ =| =| =] =] =] =] —]| = | Drinking raw milk. 
3-10-17, os es Te ls 2 een seal ee Sa {|| 
S=1S=1 cee + _ _ _ = = = = 
Mr oR: NS=10=1i.5...scceniele P —|/—-}] —-|] —]| +] -—| -— | — | Drinking raw milk. 
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TABLE VI—SHOWING THAT LOW PASTEURIZATION TEMPERATURES WILL NOT DE- 
STROY BACT. ABORTUS AGGLUTININS IN MILK AND CREAM. 


Agglutination Test. 


1 .05 .025 .O1 .005 

Cc: Cac: GNG: Gre Clic: 
MTL GSA WeTiilkes ae recent ere aan Ness Os Picea hee ee se ewes + aE + = = 
Held RIMOL SOS tine perene ae OA Ooe EEG Std GOP CCE Oa ORC + + =. = = 
He FIDL UNS Shien eee rcrn eee nee oa tage ateuoxatedenecerstere: onava Sane + + + — — 
- PUTER ee pens Sea e nae) rd SE ee She ctr aha le) alla tea ee a —— a = — 
Held 63°C.; 20 VEL TS egestas Detar Sore oceans seri Noose + Pp = = = 
oa Se ee ie eee ae eR Re otro tn acta Votaha Io mitehens Te fo eels ae + iz -- — — 
: PEELED et ESEN Re ee apa Ie Eee ae OE nein + 12) — — — 
Held 65°C., 20 ATL er een a ae ete Mahe ait ens + =| = = = 
TURE oe aes Re ee en ee MEE corte Ie 12 _ _ - 
oe AQUATITERS (ra fone eta tacs eae ten erent ane cynte te olen oy enol ie 12 — —- — 
SUMAN Coarst WNC LEATU Meet noone cota ete ororeacertcl onck seach tavern eholor = feet sv ekeda ils — Le - 
Held POC s OLD eo Te Seay eae eae is een RARER ceri heacienass Uictthe piciryrnc ok + + _ — 
ae RULE ope aye re: cece lode a ahe Maaicnene chet cliche ges etetel otatene a _ + — —- 
eg rid jae ey hcee ARERR eio eee ore OIE: Bete. Tee erage ere C ao a {2 — — 
Held 63°C., 20 TION) 0 Ute Pome 8 EE aie oe en ate tn ANE Cuca P le = _ ~ 
adh {tLe Pee ce CRESTED aE Ran ee ee 12 1 — — _ 
ATU ET Te ae EOS RAC Lite ole DIOR OCI wo pierre — — — —_ — 
Held 65 C., a Tidy Syn eoteene Oe) on EAE Ce ERR ey Le ROS oe CRE _ — — — 
(Daa 0 ie Gen heed Oe Ie ee ee eee Se See oe -- _ - - — 

40 LOTR T pes ahs ANE Poe eee Span oem dee ae aed bese hCR TRO Oboe | - - _ - - 


In Table V will be found further tests showing the presence of anti- 
bodies in the blood of adults drinking milk. Here again we see a tend- 
ency for the antibodies to appear more regularly in the blood of those 
drinking raw milk. In instances in which the antibodies appear in the 
blood of those drinking pasteurized milk there is the possibility of their 
being derived from the ingestion of other dairy products which are not 
pasteurized or are pasteurized at a temperature not sufficient to destroy 
the antibodies present. The individuals tested in Table V eat more or 
less ice cream which is made from cream pasteurized at a temperature 
of 60° C. for 30 minutes. That this temperature is not sufficient to 
destroy the antibodies may be seen in Table VI. Experiments have 
shown that a momentary temperature between 70° C. and 75° C. is 
necessary to destroy the agglutinins. 


Part, EE: 


Facts Disclosed in a Study of the Presence of Bact. abortus in Milk by 
Means of the Agglutination Test. 


INTRODUCTION. 


Through the studies of other investigators and the results shown in 
another part of this paper we know that Bact. abortus is often present 
in the milk of apparently normal cows. It is also shown that the or- 
ganism present in the cow’s udder is in a virulent form capable of caus- 
ing very pronounced lesions when five cubic centimeters of the milk are 
injected intra-abdominally into a guinea pig. 

In an early part of this paper it is shown that this infection of the 
udder may be detected by means of the so-called serum tests when 
blood serum is replaced by milk as the substance to be tested. In this 
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part of the paper we take advantage of this fact in making a study of 
the prevalence of Bact. abortus infected udders, the methods by which 
the udders become infected, the permanence of the infection in the udder, 
and other questions of a practical nature. 

It is possible that this test may be of help in detecting infected milk 
in order that it may be eliminated as possibly one of the important 
factors in the spread of the disease. 

Very little work has been done upon the possibility of this infection 
being transmitted to the young through the milk. Huddleson says in 
this regard: “That Bact. abortus antibodies develop in calves as a re- 
sult of ingesting naturally infected milk seems to us to be a demon- 
strated fact, but the cause and significance of the appearance of the 
antibodies cannot be explained until further development of the studies 
on the calves. The antibodies may be due to an active infection, they 
may be due to an active immunity or they may be due to a passive trans- 
mission of the antibodies present in the milk.” 

Schroeder states that Cotton and he have succeeded in causing the 
abortion disease in guinea-pigs by feeding them seemingly normal milk 
from apparently healthy cows that had become chronic carriers of the 
abortion bacillus. 

McFadyean and Stockman consider the digestive tract one of the 
means by which the abortion organism gains entrance to the bodies of 
COWS. 

In the studies tabulated in this part of the paper the agglutination 
test is largely depended upon as it has been shown that the agglutina- 
tion and complement fixation tests correspond so closely that the two 
tests are not required when milk is used as a test substance. 

To get an idea of the prevalence of this form of Bact. abortus infected 
udders a number of farms was visited and samples of fore milk taken 
from each quarter of each cow. These were brought to the laboratory at 
once and agglutination tests made. In some instances the samples 
stood over night in the ice box. Experiments have shown that such 
delay does not influence the results. The results of this study are given 
in Table I. ; ‘ ; aa eee ee 


TABLE I—SHOWING THE PREVALENCE OF BACT. ABORTUS INFECTED UDDERS 
IN HERDS STUDIED. 


Gore Number of | Percent 
Farm. tested infected infected Remarks. 
: udders. udders. 
PAU 7. ctstarlonan telereteiersdohe ciate chats taltezalalteta vel tekstas ye 26 0 0 | Certified dairy. 
1 Soe oe ener Me niC STIR moon STR 40 9 22 x 
Ces ea cke sielotensyaie te, « et cUsl el dele lo) erenererellcerereseks 9 0 0 
1D ee Gee Rie Se Sa Np eiso oc metas ob a 15 5 33 - 
Dp oreirecies Gees caeceipie eam sels. ofp falvstelivin, oa (oveke inten aten 13 2 15 | Beef cattle. 
IH yin reer i aete sic tololetonatesete ete eierefercasten 7 6 86 
(Cr ae sh DOO DOUD OCS TOO HOO OD Gori ooo 2 2 100 
Meters eee ors tatcla ores ern ce ecb ave oreo ohare elovene ere 6 4 67 


The data tabulated in Table I show that this infection of the udder 
is very common in this part of the state at least. The first five farms in 
the table were selected at random for study and probably give a better 
idea of existing conditions than the whole table. The farms F and G 
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Graph. I. Showing the duration of Bact. abortus infection in Cow’s udders, 
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Graph. II. Showing the first appearance of Bact. abortus infection in cow’s udder. 
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were selected for study because they were known to be badly infected. 
Another thing worthy of notice in this table is that the infection is 
either present in a high percentage of the animals of a herd or is not 
present at all, which condition may be due to the very infectious nature 
of this disease of cattle. 

To show the duration of Bact. abortus infection when once established 
in the cow’s udder tests have been made at intervals of six weeks cover- 
ing a period of three years. These are tabulated in Graph I. 

It will be noticed that once the infection becomes established the 
milk remains a possible source of infection for years. In no cow under 
observation has the infection died out after becoming firmly established. 

In hopes of throwing some light upon the manner in which the udder 
becomes infected with Bact. abortus the results shown in Graph II were 
tabulated to show the first appearance of the antibedies in the milk of 
the various quarters. In some instances it will be noticed that the re- 
action is first shown to appear in two quarters at the same time. This 
is probably due to the fact that as the milk was tested only at intervals 
of six weeks there was time for the reaction to appear and spread from 
quarter to quarter before it was again tested. In several instances 
which are not shown in this Graph the reaction had spread to all four 
quarters when tested after a regular negative test six weeks previously. 
In these instances we have no way of telling which quarter was the first 
to show the reaction. 

In Graph IT it will be noticed that one or the other, or both of the 
rear quarters were the first to show the reaction in five of the eight 
cases. In the three other instances, one of the rear quarters and one of 
the front quarters show the reaction at the same test. As the front 
quarters of two of these cows gave a very weak reaction while the rear 
quarters were very strong it seems safe to conclude that in these two 
instances the rear quarters were first to show the infection also. In the 
other instances it is impossible to say definitely whether the left rear 
or left front quarter was the first to show the reaction. 

The fact that the rear quarters are the first to show this infection 
points to the genital discharges as the probable source of the infection. 
In infection of the genital tract the discharges are often found to con- 
tain Bact. abortus in a virulent form. Through switching the tail which . 
often becomes coated with this infectious material, or because of the 
discharges running down the back of the udder the rear quarters would 
naturally be the first to become infected. The infection could then be 
spread to the other quarters upon the hands, during the milking process. 
These facts seem to point to the genital discharges as the original source 
of the infected udder. 

To prevent this infection from spreading to the udder and thus making 
the milk unsafe by becoming a possible disseminator of the infection, 
steps should be taken to prevent the discharges from coming in contact 
with the teats. 

The age of a number of the cows that developed Bact. abortus infected 
udders while under observation is tabulated in Table ITI. 
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TABLE II—SHOWING THE AGE AT WHICH INFECTION FIRST APPEARED IN THE 
UDDERS OF COWS UNDER OBSERVATION. 


; Age of cow at first 
Cow Number. . Hie BEE a anes Ae earance of 
; 7 nfection 
y RRR CORO aS Nac oro Okt Sonia ea torn oor 210 =La ty iia an cee 2 yr. 10 mo. 
ik Oe eh et ee PERT Paced nach init ote oaaattetis NGAL5S keane 2yr. 3mo. 
SO civ oc ieneae «cates ela lere gs epame ein ohobaye terete MPCTORE ete Ree haze ine Menctc ee 412-16 Aina 10 yr. 5mo 
Qe is dc cnrebere bed coctaSeta carob auy seeps terehoveel pis dolar saaeedeetone aa ee VO=HLORV 5 ool aiavere eroselage 3 yr. 11 mo 
yn) oe eeeltapelal ol eaetel ac cne inkalel a Meron ioey ated te keteval cachet eetveeans es NEO PEN Er, 5.5 cag Oh Cail 7 yr. 
OT oon he OCR Far Oe ee Oe eee Se rec Pha A il Pes ll yr. 2mo 
sO ER Oe orcad Gone te oO AS mecrointe Suh S=2D—1G.. e eracrects eres 9 yr. 3mo 
DAES siete eed Se ar a TOA ee ae S016 cin. see 5 yr. 4fno 
7 ER AI Oo AC Garg Ud Api Leaky MO NOOIRTS Cota a.caaiaie SOO Om atesesehenenecals 6 yr. 4mo 
1S BPG ned 08.0 OOD OMIT COD US Oo DUMAG DMdron Sed sos 6 ae SOL Ohare ietarie tees 3 yr. 2mo 
Bie a.w tg Bee cle ol Gomer aoanOeue SOOO AS ODs Camee nh te ROK 26 1G rereretetereperciers 3 yr 


The animals in this table are in a herd which has been under observa- 
tion the past three years during which time an average of about 20 per 
cent of the udders have been infected. The percentage of cows present 
with infected udders would have greatly increasd but for the fact that 
a number of the animals have been sold while others have died during 
this period. It will be noticed that the age of the animals apparently 
has no connection with the first appearance of the infection. 


SUMMARY AND CONCLUSIONS. 
Partick 


There is apparently no connection between the Bact. abortus antibody 
content of the blood and that of the milk. 

The Bact. abortus antibody content of milk may vary from quarter to 
quarter indicating that the antibodies present are due to local infection 
and do not come from the blood stream. 

The agglutination test as compared with the complement fixation test 
for Bact. abortus infection when using milk instead of the blood serum 
gives the higher percentage of peat reactions, and is apparently more 
reliable. 

A pure culture of Bact. eee introduced into the milk cistern of a 
cow’s udder caused the appearance of agglutinins in the milk. 

In every case in which Bact. abortus was found present in the milk 
by animal inoculation the agglutinins for this organism were also 
found, but this bacterium was not found in every case in which agglut- 
inins were demonstrated. 

The agglutinins may be present in the milk of cows that have aborted 
and in the milk of cows that have never aborted. 

The antibodies may be present in one or more quarters, may spread 
from quarter to quarter, and may gradually die out. 

As high or a higher antibody and cellular content in the strippings 
than in the fore cre seems to indicate active infection and the presence 
of Bact. abortus in the milk in sufficient numbers to produce the typical 
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lesions and blood reactions when five cubic centimeters are inoculated 
into the abdominal cavity of guinea-pigs. 

A lower antibody and cellular content in the strippings than in the 
fore milk seems to indicate that infection is slight and that Bact. abortus 
is not present in sufficient numbers to cause infection with the five 
cubic centimeters used for inoculation. 

The agglutination test is of value in studying the presence of Bact. 
abortus in milk when it is desired to study a large number of samples. 

If Bact. abortus is found to be pathogenic for humans, this test may 
be of value in safeguarding certified and all unpasteurized milk. 

If this disease is found to be spread to calves through ingestion of 
infected milk this test may prove a means by which such milk could 
be eliminated for this purpose. 


SUMMARY AND CONCLUSIONS. 
Part lk 


We have no proof that Bact. abortus is pathogenic for human beings. 

It is possible to cause antibodies for Bact. abortus to appear in the 
blood serum of adults by feeding a milk which is naturally infected with 
Bact. abortus and which contains the Bact. abortus antibodies. 

Antibodies appearing as above apparently indicate a passive immunity 
due to the absorption in the intestine of the antibodies present in an 
infected milk. 


SUMMARY AND CONCLUSIONS. 
Parti: 


Twenty-seven per cent of the cattle studied upon seven farms had 
Bact. abortus infected udders. 

The infection was either present in a high percentage of the animals 
of the herd or was entirely absent indicating the very infectious nature 
of the disease. 

Once the infection is established in the udder the milk becomes a car- 
rier of Bact. abortus and a possible source of the infection for years. In 
no instance has the udder infection died out after being firmly estab- 
lished during the three years that observations have been made. 

The rear quarters are usually the first to show the Bact. abortus in- 
fection indicating that the genital discharges and switching of the tail 
are its source. The infection may then be carried to the front quarters 
upon the hands. 

The age of the cow apparently has no connection with the first appear- 
ance of the infection. 
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RED ROCK WHEAT.* 


Circular No. 31. 


By F. A. Sprace anp A. J. CuarK.? 


SUMMARY. 


Red Rock is a new variety of wheat that has just recently been intro- 
duced among farmers. It is by far the best wheat that has yet been 
produced for Lower Michigan by the Experiment Station. Sixty bushels 
were sent to as many farmers in the fall of 1914. It was possible for 
each farmer who received a bushel to raise all the seed he wished to 
plant in 1915 and have some for sale. This statement is borne out by 
the fact that thirty-three sales of farm-grown Red Rock were made 
through Professor Shoesmith in the summer of 1915. These sales aver- 
aged nearly eleven bushels (10.85 bu.). This means that after the grow- 
ers had sown all they wished and furnished seed to neighbors as far as 
desired, 358 bushels were sold to farmers of other parts of the state. 
Besides this, 69 bushels were sent out from the College to nearly as 
many farmers in 1915. It is likely that a thousand bushels of Red Rock 
were used as seed in the fall of 1915, insuring a reasonable yield for 
the benefit of farmers who wish to get the best available wheat for 1916 
planting. Such people may buy the seeds through the Secretary of the 
Michigan Experiment Association, East Lansing, Michigan. 


SOURCE. 


The Red Rock wheat comes from an individual kernel picked out of 
a white wheat (Plymouth Rock) and planted in the fall of 1908. It was 
given the number 97003 and is listed in Table I of Bulletin 268 as Bearded 
Rock. Since that time Red Rock has been considered as describing the 
variety better, though it is a bearded red wheat. It also has a red chaff 
(contrary to the table above mentioned). 


QUALITIES. 


The principal characteristics of Red Rock are: exceptional winter 
hardiness, high yield, extra stiff straw, and those characteristics that 
yield a bread far above that usually produced from Michigan grown 
wheats. The fact that it is a red wheat of unusually high quality, and that 


1. This is an extension of Bulletin 268. That bulletin reported data up to 
July, 1912, and this continues from that date. 

2. The baking tests were made under the direction of Prof. A. J. Clark and 
reported herewith together with yield and milling tests. 

3. Prof. V. M. Shoesmith distributed this wheat as Secretary of the Michigan 
Experiment Association. 
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it is a pure wheat, is saying a great deal, when we consider the vast 
amount of white and mixed wheat that Michigan is growing. Red Rock 
is out-yielding the best of the white as well as all types of wheat so far 
tested at the College. It is no longer profitable to grow the softer types 
as the price on white and mixed wheat is being cut $50 to $120 per car 
below the market for No. 2 Red wheat. Fig. 1 shows a loaf of bread from 
Red Rock flour at the left and a loaf from a representative white wheat 
flour at the right. These loaves were made at the same time and under 
the same conditions. 


Bical 


The unusual hardiness of Red Rock appeared in the spring of 1912 
from its endurance of the ice sheets of the previous winter and the pro- 
duction of about four times as much grain as the check of that year 
(viz. Shepherd’s Perfection). Red Rock is shown in the left of Fig. 2, 
where it shows a good stand between two wheats that were badly winter 
killed. Since that time, the Red Rock has been used as a check (or 
standard) in the wheat variety series. 

The extreme stiffness of its straw was previously observed but it was 
especially tested in 1914. The wheat variety series had been planted on 
a clover sod that year and as a result the straw grew exceptionally tall. 
The heads of the wheat could in many places touch the rim of one’s hat. 
A series of rainy spells came just before harvest. The wheat lodged badly 
and several of the varieties went flat, yet the Red Rock always found its 
way up until it stood erect at harvest time. During the rainy harvest 
of 1915 a strip of Red Rock on the College farm was not cut until two 
weeks after being fully ripe, and during these two weeks the piece re- 
ceived a series of rains, yet it was still standing when cut and had not 
lost its grain. 
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The yield of Red Rock has been from a third to a fifth better (on the 
average) than any other wheat tested with it during the years 1912 to 
1915. This fact is brought out forcibly in Table I entitled “Some Wheat 


Comparisons on a Percentage Basis.” 


Fig. 2. 


TABLE 1—SOME WHEAT COMPARISONS—ON PRECENTAGE BASIS. MICHIGAN 
EXPERIMENT STATION, 1912-1915. 


Vield Milling 


Baking Test 

Test % Michigan Standard Flour 
Variety ees 
% Red Rock % Flour Protein | Wt. Loaf | Vol. Loaf 
ATNOUICAI DS ATITCT sie clerte, ves ot eis 2p eka 74.3 60.0 107.1 100.5 96.6 
Buda: Pesthy 72k caiee -oi-tee bese bie 68.3 64.8 110.3 99.4 97.1 
Shepherd’s Perfection... ..5-...-..-< 58.8 63.7 107.9 101.2 96.4 
IPE van OME OG ony rote sreten heer ererer 73.4 65.7 101.2 100.7 87.2 
IBA EL Ve WV AIIOSOL Sco o'lptelon als siete ate uence 76.9 61.5 103.5 101.2 94.1 
REGO iad a ots tas ete eof 100.0 62.6 123.0 100.0 112.0 
MVEC Bl. yaaistsc a. oka Seema tah. coder eh oes ior suene saste© 57.8 61.2 114.4 101.3 97.5 
Huropeam Centuryic.2-.n-ce eee + + 87.1 63.5 112.5 98.7 106.7 
CTAIE Ss AVOLIDG). cape oy cjets ie or ole ove ota 86.9 67 .3 127, 102.0 108 .4 
Stoner Miracle? es Les oso leie ores 73.4 68.9 117.3 100.0 93.1 
Berkley 220 coat nloeton ean eele als) he oe 79.1 65.8 124.3 102.4 100.4 
Of oLs aha AMR ee ne mecto acer tunCuer acme 67.3 61.7 122)5 102.7 106.1 
IBA DEO... sips ceeds eccicdeld eaaeereiws fan 84.7 65.1 125.6 102.3 102.4 
OME PECL DG's steric atare ciste oreic.sra cesar veut Wat 58.3 110.4 99.5 109.8 
NTC SAN SCAG aL LOUD sic: ceatctect <ie7s) | ay ous iene a, ay seener tet alle teve cakereee fe 100.0 100.0 100.0 
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In the first column, Red Rock is considered 100%. This is the average 
for the years mentioned above. During the same years Red Rock has 
averaged about forty bushels per acre. It will be noticed that several 
of the varieties yielded less than 75% of Red Rock, that is, less than 
thirty bushels per acre when compared on the same basis. These, too, 
include such high quality Michigan wheats as American Banner, Shep- 
herd’s Perfection, Plymouth Rock, and Early Windsor, these being the 
best wheats that the College had to offer before Red Rock came on the 
scene. 

The three columns to the right give the results of analysis for protein 
content and of the baking tests. The flour used as the standard in these 
tests was produced by blending equal amounts of Michigan wheat flours 
obtained from sixteen representative mills. This composite flour was 


BiGico. 


termed the “Michigan Standard,” representing 100%. It will be noted 
that on this basis Red Rock flour contains 128% as much protein as the 
Michigan Standard and that the volume of the loaf is 112% of that 
of the standard, showing the flour from this wheat to be of a much 
higher grade than the average Michigan wheat flour. 


WHAT FARMERS THINK OF RED ROCK WHEAT. 


“T think the Red Rock is the coming wheat as soon as the farmers find out the 
difference between it and other varieties.’—L. H. Remus, Adrian. 


“Red Rock is the best wheat that I have ever raised, yielding 42 bushels per 
acre and weighing 61 pounds per bushel.’—Horace Bliss, Chesaning. 


“Very much pleased with Red Rock wheat. It yielded 12 bushels more per acre 
than my old variety and ripened a little earlier.”—B. W. Cade, Haslett. 


“Red Rock wheat looks very good to me, being a much hardier wheat than 
our Red Wave.”—W. G. Boyd & Sons, Waldron. 
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“After two years experience with growing Red Rock wheat, I would say that 
it is extremely hardy and will out-yield our local varieties by at least 10 bushels 
per acre.’—Fred F. Cornair, Chesaning. 


“The Red Rock wheat which I secured from you produced a yield of 44% 
bushels per acre, while my old variety yielded 32 bushels per acre.’—Ferdinand 
Sperling, Saginaw. 


Mr. Kurt Sell of Walled Lake and Eugene Strang of Ypsilanti report 64 pounds 
per bushel from Red Rock wheat, and perhaps a dozen other farmers reported 
weights above sixty pounds per bushel. 


May 14, 1916—“Have a fine stand of Red Rock now.’—J. C. Otto, Middleville. 


“The wheat (Red Rock) and rye (Rosen) that we got look fine, the best I ever 
had.’’—George B. Pardee, Galien. 


The last two are especially interesting as much winter killing occurred last 
winter. 
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BARLEY IMPROVEMENT. 


Circular No. 32. 


By F. A. Spraaa. 


SUM MARY. 


The search for better barleys has been in progress at the Michigan 
Experiment Station for at least ten years, and so far as can be seen at 
present, the success of this investigation lies in the production of two 
winter barleys that are hardy enough to stand Michigan winters when 
they are planted about September 1st or before, but are uncertain when 
planted after the 15th of September. All the tests that have so far been 
made in the Upper Peninsula have been planted late and like most of 
such plantings in the Lower Peninsula have been failures. Up to the 
present time, winter barley has not been a commercial success north of 
the Ohio river. Experience shows that the winter barley must cover the 
ground with a vigorous growth by the time that winter sets in if it is 
to winter well. The tops freeze down completely, usually below the 
winter lodging-place of the Hessian fly, thus killing the fly and these 
frozen tops protect the crowns of the plants. 

The outline map, Figure 1, exhibits the location of tests of winter 
barley. Small dots represent those that were planted in 1914 but from 
which no reports have been received. <A circle around the dot marks a 
report. The figures give vields when known. Four of these are 60 
bushels and above, while a half dozen others exceed 50 bushels per acre. 
The 1915 yield from Michigan Winter barley at the College was 59.3 
bushels per acre, notwithstanding the fact that these plants were loaded 
with Hessian fly the fall before. This was a seven-acre piece planted 
September 4, 1914. A plain circle indicates a 1915 planting, the condi- 
tion of which is unknown (spring 1916). When the circle has been filled 
to make a large dot the reported stand is good to excellent. A line cut- 
ting the circle signifies winter killing. A partially filled circle marks 
a report between these two extremes. Almost all of these tests were 
planted late, falls 1914-1915. : 

The prominent fact in nearly all of these reports is that the farmer is 
convinced that late planting (i. e., after September 15th) is uncertain 
and usually means failure. On this point, Mr. George C. Wheaton of 
Marshall reports: “A twenty-acre field was planted to barley about 
September 28th (1915). Two-thirds of the plants did not survive the 
winter. They were small last fall and had no tops to protect the roots. 
Another field was planted on August 30th and is a very nice A No. 1 
stand.” 
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During the seasons of 1915-1915, the yield of the Michigan Winter 
barley (at the College) has averaged 58.9 bushels per acre. During the 
Same seasons the Derr Winter has averaged seven bushels less, or 51.7 
bushels per acre. The average production of barley in Michigan is set at 
25 bushels per acre by the U. 8S. Department of Agriculture. If planted 
early and generally grown, these winter barleys may double the average 
yield of barley in the state. A yield of 59 bushels of barley equals 8814 
bushels of oats when compared on the basis of pounds of grain per acre. 


HISTORY. 


The early work in this investigation was testing the existing varieties 
on point of yield. As the common commercial variety is a mixture, it 
was determined in 1907 to begin the work of purifying these strains. 
Since that time, pedigreed pure lines, the progeny of single mother plants, 
have been tested in variety series. Only a few highly recommended 


varieties were at first tested. Finally in 1910 the station got a large 
number of barleys from different parts of the world. Most of these 
came through the U. S. Department of Agriculture. Some had been 
bred by the Department and other experiment stations. The barleys 
received for 1910 were planted a single seed in a place, five inches apart 
in the row, and five inches between the rows. Thus several thousand 
plants grew from single seeds that year and the best ones were selected 
to become mothers of plant rows in 1911. A variety series of the best of 
the spring strains were run during 1912, 1913 and 1914. 

Figure 2 shows the 1918 series of spring barleys, and Table I records 
the three-year results with the winter barleys compared with the best 
spring varieties found by this investigation. As Michigan barleys, 
which are of good color and plumpness, are most valuable for feed pur- 
poses, the prime aim is to produce high-yielding varieties. The principal 
grain competitor is oats, but since a bushel of oats is only two-thirds 
as many pounds as a bushel of barley, we cannot compare these crops 
on the basis of bushels per acre. Valued on the basis of pounds of grain 
per acre, 40 bushels (1920 pounds) of barley equal 60 bushels of oats. 


EXPERIMENT STATION BULLETINS. 667 


The old standard oats (Alexander) has averaged 64.7 bushels for the 
past six years and the new standard oats (Success) has produced 75.5 
bushels per acre for the past four years. No spring barley has yielded 
as much as 40 bushels per acre, on a three-year average. Thus it can 
be clearly seen that not only the large number of poor yielding varieties 
of barley that Michigan is growing, but the best spring barley that this 
investigation has been able to find, is producing less feed per acre than 
the high grade varieties of oats. 


TABLE I.—YIELD TEST 1912-1915. 


| Yield in percent of Oderbrucker | Yield 

| | bove 
Strain | Acc : Bus. Qube 
No | Ne Variety | per hore 
1912 1913 1914 1915 | Av. % Bu. per 


acre 


00703 13 | Michigan Winter. 155.45 | 173.15 | 196.67 | 170.09 | 173.84 | 58.9 25.0 
00803 14-) Derr Wanter. css. ; 135.29 | 144.14 | 185.76 | 145.13 | 152.58 | 51.7 17.8 
01404 A> |) Oderbrucker so. 1+. - 100.00 | 100.00 | 100.00 é 109.00 | 33.9 0.0 
02304 | 20 | Heil’s Hanna No. 4.| 79.33 | 117.94 | 108.49 * 101.92 | 34.6 7 
02502 | 22 | Franconian........ 95.66 | 114.97 | 132.57 : 114.40 | 38.8 4.9 
02708 | 24 | Heil’s Hanna No.1.; 91.92 | 123.58 | 123.80 : 113.10 | 38.3 ae 


03202 | 29 | Manshury......... 103.24 | 115.43 | 126.45 : 115.02 | 39.0 


From the above table all strains or varieties of barley that yielded less 
than Oderbrucker have been omitted. The highest yielding Oderbrucker 
is taken as 100% in the table, and the other varieties compared with it 
from year to year. The general average shows that Michigan Winter 
is about one and three-fourths times as productive as Oderbrucker, while 
the Derr Winter yields a half more. In the last column may be seen the 
number of bushels per acre in excess of the yield of the Oderbrucker. 


WINTER BARLEYS. 


The work with winter barleys began with Mr. H. B. Derr’s selections 
for testing in this section. They were planted in the fall of 1909 in beds, 
i. e., a Single seed in a place five inches apart from its neighbor. Two 
of the eight lots winter-killed as a whole the first season. A third lot 
was injured enough to be proven distinctly inferior, and was discarded 
as a whole. 

Eight selected plants were saved out of the remaining ge sources to 
become mothers of plant-rows planted in the fall of 1910. In 1911, two 
of these strains (all that remained from another of the sources) were 
discarded, as they had been injured by the winter. This left six strains, 
from four of the original sources, to be tested by the winter of 1911-1912. 
The fall rains soaked the ground before freezing and the temperature 
reached 30° below. This was a testing time that the weather man tells 
us has not been repeated since 1884. A very large portion of the wheats 
in Southern Michigan were killed or badly injured that winter, and 
most of the wheats in the Michigan Station’s variety series were badly 
injured. The six strains of winter barley were tested that winter along 
with the wheats, and as a result all of the strains of another source (the 
Wisconsin Winter barley) had disappeared.. This left a strain of barley 
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from each of three different sources to be tested further in 1913, and 
the best two to be increased in 1914. 


Figure 5 shows the two barleys that were increased at East Lansing in 
bes) ed DoD 


1914. The view was taken in the spring of 1912 and shows the injury done 
to wheats on either side. The barley to the left is No. 00703 (Michigan 
Winter) and the one at the right is No. 00803 (Derr Winter). As com- 
pared with wheats these two barleys appeared to be superior in vigor and 
yielding power, if not also in winter hardiness. They certainly stood an 
extreme test, under which many wheats were killed in the winter of 1911- 
1912. 


ee at oy cc 


Figure 4 shows the three winter barleys (five plats) in the wheat 
variety series, spring 1913. The plat to the left of the man is our stand- 
ard wheat, Red Rock. The plat where he stands is the only representa- 
tive of the barley, No. 00203. The two plats to the right of the man 
(his left) are duplicates of those to the left of the standard wheat. The 
stand of barley in these plats was much better than the stand of the 
wheat in the plats on either side. The yield of grain that year was 
59.7 bushels per acre for the Michigan Winter and 49.7 bushels for the 
Derr Winter. | 

Figure 5 shows these two strains being increased at East Lansing. 
They were ripe June 24, 1914, and ready to thresh on July 3. The area 
of each piece was .5683 of an acre. The yield of grain that year was 57.7 
bushels per acre for the Michigan Winter and 54.5 bushels for the Derr 
Winter. 


EXPERIMENT STATION BULLETINS. 669 


Twenty pounds of each of these barleys were sent to each of the places 
represented by small dots in Figure 1, fall of 1914, including three tests 
in the Upper Peninsula. Between six and seven acres of each of these 
barleys were also planted at the College. The yield was 59.3 bushels 
per acre from the Michigan Winter and 50.3 bushels from Derr Winter 
in 1915. The three-year average has already been given (Table 1). The 
results are best seen in Figure 1. 


Bice. 


WEATHER CONDITIONS. 


The season of 1915 was abnormal in being cold and rainy during July, 
August and September. It was so wet in some sections that farmers 
had a hard time to gather their crops at all, especially the small grains. 
The harvest of winter barley escaped this wet weather, as it was ripe and 
could easily be housed before the rain set in. . . 

After harvest the ground almost everywhere was so wet that it could 
not be plowed in season. This fact together with the fact that corn and 
beans could not be harvested until about October 1st put. off the prepara- 
tion of land for winter crops until late September or early October. 
Much of the land that had been intended for fall crops was not planted, 
and what was planted was either poorly prepared, planted entirely too 
late, or both. 

The winter of 1915-1916 was unusually hard on fall crops partly (and 
in many cases mainly) because of the short growth and poor root develop- 


670 STATE BOARD OF AGRICULTURE. 


ment, partly because of lack of sufficient snow for protection from 
changes in temperature; warm weather in winter would at times start 
growth which was later frozen. Ice and water smothered the crops in 
many cases. These facts largely account for the failures reported by 
farmers in the spring of 1916. 


WHAT FARMERS THINK OF WINTER BARLEY. 


REPORTS OF 1915. 


“Threshed 59 bushels from one and one-half acres. (40 pounds of seed.) I have 
planted 33 acres of the same. If the fly and hard winters do not kill the plants I 
think it will be the corn crop on my farm.”—George C. Wheaton, Marshall. 


“TI think the new winter barley a good farm crop.”—George E. Linn, Williamston. 
“Well pleased with crop.’”—C. S. Foster, East Lansing. 


“The crop did well. It surely has a place on the Michigan farm. It is easy to 
grow and comes early.”—C. B. Cook, Allegan. 


“Seed you sent me last fall got lost. Did not get it until September 27, but I 
sowed it then. I saved all that lived through and sowed it the 11th of September. 
I think it will be a splendid crop for this (Oscoda) county.”—Will K. Hunt, Red 
Oak. 


“IT am very much in favor of winter barley as a crop. It furnishes early feed 
just when this sort of feed is needed most. It is a success in Elkhart County, 
Indiana,—yielded 60 bushels per acre.”—C. L. Coffeen, (Goshen, Indiana,) County 
Agent, now located at Adrian, Michigan, 
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“T am pleased to say that we have found winter barley a very satisfactory crop 
during the past season. Mr.’ Veitengruber reported a yield of 64 bushels to the 
acre.’—Earl P. Robinson, County Agent, Saginaw, W. S. 


“Yielded 57 bushels, machine measure.”—E. G. Knight, Hanover. 


“My crop did not have a fair start in 1914. Many plants did not get root growth 
to stand the winter. Yielded 44.3 bushels per acre.’”—Fred F. Cornair, Chesaning. 


“The winter barleys, Michigan and Derr, bid fair to find a permanent place in 
our agriculture.’—Gifford Patch, Moscow. 


“Came through the winter 100% alive; yielded at rate of 60 bushels per acre.’”’— 
_D. E. Williams, Bronson. 


“T think winter barley is the coming crop for the farmers of Michigan.”’—Walter 
Potts, Mason. 


“T threshed a yield of 58 bushels per acre. I believe it is a great crop on light 
soils.’—L. H. Remus, Adrian. 


“T consider winter barley a very good crop. I have sown seven acres this fall.’”’— 
W. B. Clark, Howell. 


“The Michigan Winter stood the weather better than the Derr Winter.’—J. 
Robert Duncan, Vicksburg. 


REPORTS OF STAND, MAY, 1916. 


Requests were sent out to about a hundred farmers who got winter 
barley to plant in the fall of 1915. Some of these reported that on ac- 
count of the wet weather they were unable to get it in at all. Of those 
that planted the barley a very few planted it before the 25th of Septem- 
ber while most of the plantings were in October. <A few that got their 
pieces in early report good stands. One of these men, as already re- 
ported above, has an excellent stand from a piece planted August 30 
and a failure from a piece planted late in September. The outline map, 
Figure 1, shows the amount of successes among these reports. The 
growers in general are usually convinced that winter barley must be 
planted early to insure success. The average stand of all the reports is 
46%. It is interesting that at least one good stand came from east of 
Traverse Bay, and one medium stand from Cheboygan County. 


WHAT FARMERS SAY. 


“T sowed the bushel of winter barley the fore part of September, and it went into 
the winter in good shape. It is 90% of a perfect stand.’—Amos Hanlon, Middle- 
ville. 


“Tt is lacking about one-fifth of a good stand. Am satisfied that it was sown a 
little too late.’—-Frank Gilbert, Brethren. 


“The winter barley looks real nice now. The outlook is prosperous.’—Bén 
Nelson, Brethren. 


“Winter barley is 80% of a crop. We think favorably of crop. Was sown on 
September 24, due to rain.”—C. W. Simpson, Mendon. 


“The volunteer barley, where I harvested last year’s crop, has come on fine. 
Some of it is a foot high with no signs of injury.’”—Gifford Patch, Moscow. 


“Would consider the prospects about 90%.”—R. E. Morrow, Central Lake, 
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“L. J. Wilson’s barley shows up fairly well. I think it shows rather remarkable 
hardiness considering the lateness of the seeding (October). Winter barley still 
looks good to me.’—C. L. Coffeen, County Agent, Adrian. 


“Mr. John Veitengruber, Frankenmuth, has a splendid field of four or five acres 
of winter barley. I think it is too thick, if anything.’—Harl P. Robinson, County 
Agent, Saginaw, W. S. 


“Those that sowed their barley early have a good stand. The barley is a delight 
if given a chance. I will seed 15 acres this fall.”—W. S. Potts, Mason. 


LITERATURE 


WINTER BARLEY, by H. B. Derr, U. S. Department of Agriculture, Farmers’ Bul- 
letin 518, p. 18, Fig. 4. 
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REPORT OF THE SOUTH HAVEN EXPERIMENT STATION. 


Professor H. J. Eustace, Horticulturist: 

I submit this report of the South Haven Sub-station for the year end- 
ing June 30, 1917. 

During the past season, this Station has been mainly concerned with 
plant breeding and experimental spraying. 


SPRAYING. 
Scale Spraying. 

Materials Used. Quantity Used. 
SUGEEST CUICS FR ea Die sia ra Pe Se ate ee 1 gallon to 15 gallons water. 
Concentrated Lime-sulphur ........... 1 gallon to 8 gallons water. 
SOMiplevaulpMur=:. =: oc ss eee etn see ss 1 pound to 4 gallons water. 


Sherwin-Williams Dry Lime-sulphur...1 pound to 4 gallons of water. 
Sherwin-Williams Dry Lime-sulphur...1 pound to 31% gallons of water. 


Applications were made on April 26, 27 and 28, on trees which the 
past season had shown some indications of scale. All of the trees that 
were sprayed, however, were only slightly affected with scale. 

There was much variation in the results due to a lack of uniform 
conditions under which the applications were made. It was, therefore, 
impossible to arrive at any definite conclusions as to the effectiveness of 
the various mixtures. 


Control of Plant Lice on Apples. 


Applications were made on young trees of Wagner, Wealthy and 
Oldenburg, which seemed to be infested with plant lice to about the same 
degree. They were quite numerous at the time of the first spraying but 
at the time of the second application, not enough could be found to make 
a count and were not present in large enough quantities after this to 
make it an object to do further work. 


Materials Used. 


Nicotine sulphate, 40%, one ounce to eight and a quarter gallons, 
combined with lime-sulphur, and scalecide, one gallon to thirty gallons. 


Dates of Applications. 


First application on April 24th. Fruit buds were swelling and leaf 
buds just showing green. The plant lice collected mostly on the swelling 
buds and in moderate quantities. 

Second application on May 20th. Fruit buds were showing pink and 
the lice were not so prevalent and more scattering, occurring mostly 
around the flower buds. 
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Tabulation of Results. 
NICOTINE 


First count Second count 
Limb 
k Total Per cent 
Total Total Number Number Number 

; 7 tant dead dead and 

insects insects dead alive missing missing missing 
1 ees Wotanceeals 42 16 14 2 26 AO "lS ese 
I AR tee 23 23 20 3 0 20 i044 eee ee 
Bis Tal ever nat Shayeleue 24 15 15 0 DE |\a etd eudta oes 
Baa Zier ciee ott ede 23 8 0 8 ils 1B icp a eee 
Tt. SRI ROL ay 9 2 Zz 0 7 Oil cvelehevetat ohana ol 
Gere tesa 5 wate 56 | 38 11 27 18 29° cio She Acreeaeee 
Manette cat evein ats 11 11 11 0 0 LY lenesSemareeneee 

TOGA «ci 188 113 73 40 75 148 80.3 

| 
Scalecide 
Moe wine ais eh 54 33 23 10 21 44) 5 Sete 
Da eeNatete ate ts 27 19 5 14 8 13. 3) 0:2 caine 
Ted Orineeru teats 58 51 26 25 7f BBs |\-hase ae aioe 
Atel Moras crece rire 2 2 0 2 0 0). || creep ehe terete 
Oa Dicker ries 14 11 3 8 34 6. Se. eee 
TLotalotiens Gye 116 57 59 39 96 61.1 
Check 

Leite eee 75 66 0 68 i | lie tase 
Dist decwaeess 25 73) 0 25 0 UR acerca. wtnid 5 
Cia Wavare: so, Vel ous 45 43 0 43 2) |\\s acest hetee rete 
Total 145 136 0 136 9 9 | 6.5 


Nicotine gave the best control and no injury was noted either from 
it or the Scalecide from the first application but at the time of the second 
spraying, considerable injury was done to the tender leaves on trees 
sprayed with Scalecide, enough to warrant not using it for this purpose 
when the fruit buds are showing color. However, it is possible that 
Scalecide can be used effectively by making a late application for scale 
and aiming to control the first appearing plant lice at this time. 


DRY ARSENATE OF LEAD AND ARSENITE OF CALCIUM AS A POISONED SPRAY FOR 
APPLES. 


The object of this work was to obtain data on the comparative value 
of the two poisons as used upon apples for the control of the larvae of 
the codling moth. 

Applications were made upon a collection of varieties and data taken 
upon its effectiveness against the codling moth. Notice was also taken 
of the point of entrance of the larvae as to whether it entered through 
the calyx or the side of the fruit. 


EXPERIMENT STATION BULLETINS. 675 


These poisons were combined with the summer strength of lime-sulphur 
and three different applications were made. 
Results were as follows: 


Larvae | Percent Larvae Percent 
Spray aoe ee pa entering | entering | entering | entering 
me the side | the side | the end | the end 
Lead arsenate.... 3,889 | 2,891 74.3 562 14.4 176 | 4.5 
Calcium arsenate. 10,669 | De ooL 49.9 1,784 16.7 1,929 | 18.0 
| 
Check. sciro same: 4,427 | 1,764 39.8 1,143 25.8 845 19.0 


No injury could be determined from either of the poisons used and 
there was little difference in the handling, mixing and weathering quali- 
ties of the two poisons. 


PEACH SPRAYING. 


Spraying was done in a block of mixed varieties. Two applications 
were made for fungous troubles. Results were computed from forty- 
three varieties. 

Mixtures used were Atomic sulphur, 5 pounds to 50 gallons, self-boiled 
lime-sulphur, 8-8-50, and hydrated lime and sulphur 8-8-50. The Atomic 
sulphur was added to a small amount of water, thoroughly mixed with 
it and then poured in the spray tank which contained the required 
amount of water. Self-boiled lime-sulphur was prepared in the usual 
manner. Hydrated lime and sulphur was made as follows: Eight 
pounds each of hydrated lime and sulphur were sieved and thoroughly 
mixed dry, then made into a paste by adding two gallons of boiling 
water. Six more gallons of boiling water were added and the whole 
mixture was stirred for five minutes and then cooled by adding 8 gallons 
of cold water. Dry arsenate of lead was added to all mixtures at the 
rate of 114 pounds to 50 gallons for the first application only. 

All trees were given an application of strong lime-sulphur for leaf curl 
and again on June 16th, all trees were sprayed with an application of 
arsenate of lead and lime for curculio. On July 7th, the first spraying 
of the three mixtures was made and the second and last application was 
made on August 15, omitting the earlier varieties. Weather conditions 
after this being very dry, further spraying was not considered necessary. 

Brown Rot was the only fungous trouble which made its appearance 
to any extent and tabulated data on this is as follows: 


Spray Erie il eee eens ee 
Atomie sulphur.’ va scucc.c otele sole e aio ees Shears aero Ie oe JZ) es , 941 84 250 
Selfboled Time-simlp Mure. «scat ste atercrete ssicises rere arene 3,690 3,560 130 3.4 
Hydratedslime-sulpuir. s/c) scr omer ein she vetele «envers eke 2,411 2,262 149 Gal 
(ci alk Sal} ae ed PAE aa mT BGs tree 2,108 1,986 | 122 5.7 
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The variability of the results was in all probability caused by making 
the application upon so many varieties, as these varieties showed vary- 
ing susceptibility to fungous troubles and some of the check trees pro- 
duced as sound fruit as some which were sprayed. 

Spray injury to fruit, if occurring, was not noted. Peach Scab and 
Bacteriosis occurred on the leaves to some extent on all of the plots. 
The greatest amount was on the check trees, the Atomic sulphur trees 
being next in the amount of’ diseased leaves while the self-boiled lime- 
sulphur and hydrated lime-sulphur sprayed trees had only a small amount 
of infection. Peach Scab was also quite prevalent, as well as Brown 
Rot, on the check trees. 

Hydrated lime and sulphur apparently weathers as well as the self- 
boiled lime-sulphur but it seems to be a coarser mixture which does not 
spread quite as readily as the self-boiled. However, for one trial, 
hydrated lime and sulphur gave good satisfaction and is worthy of 
further trial. 


PLUM SPRAYING. 


The mixtures used were concentrated lime-sulphur, 1 gallon to 40; 
Atomic sulphur, 5 pounds to 50 gallons; self-boiled lime-sulphur, 
8-8-50 and Bordeaux mixture 4-4-50. To each of the above mixtures was 
added dry arsenate of lead, 114 pounds to 50 gallons of mixture for 
all applications. 

These mixtures were applied on May 9th, 11th, 12th, 23d, June 12th 
and 13th. This work was done upon mixed varieties and included only 
one and sometimes two trees of a variety. Because of this fact, varying 
susceptibility to disease was encountered according to the variety and 
this factor has produced a considerable variation in the results. 

The foliage of the trees sprayed with self-boiled lime-sulphur had the 
best appearance. In only one case was there any noticeable attack of 
Shot Hole fungus and this was a spring infection on one Stark Gage 
tree which did not develop to any extent. Atomic sulphur and com- 
mercial lime-sulphur gave about the same degree of control, there being 
only scattering leaves affected with the fungus. Two trees sprayed with 
the Bordeaux mixture suffered nearly complete defoliation from the 
disease and the fungus appeared to some extent upon most of the trees 
sprayed with this mixture. 

Russeting of the fruit was quite general on the Gage trees but as 
this also occurred on check trees, it was not possible to attribute it to 
spray injury. Check trees seemed to develop leaf spot in accordance 
with their susceptibility. The Japanese varieties had considerable injury 
from this cause while some of the European varieties had only scatter- 
ing leaves affected. 

Results showed quite a lack of uniformity. . With one exception, all 
of the trees sprayed with the Atomic sulphur failed to set a crop of 
fruit and this tree did not have enough to furnish any results. Likewise 
with the check trees only one produced any fruit and this one was fairly 
free from insects and diseases and did not prove a very reliable check. 
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GRAPE SPRAYING. 


This work was done upon a plot of grapes containing about 30 varie- 
ties. Whenever possible, it was attempted to have some vines of each 
variety sprayed with each mixture as well as to leave checks. 


Mixtures used were as follows: 


Bordeaux, 2-2-50 
Bordeaux, 3-3-50 
Bordeaux, 4-4-50 
Pyrox, 10 pounds to 50 gallons 
Adheso, 7 pounds to 50 gallons 


Dry arsenate of lead was added to the Bordeaux mixture at the rate 
of 114 pounds to 50 gallons for all applications. 

Three applications were made of all the mixtures, on June 5th and 6th, 
22d and 23d and again on July 18th. 

The only troubles developing on the vines were Black Rot, Grape 
Berry Moth and Mildew and these occurred only in moderate amounts. 
Some foliage injury occurred on the Bordeaux sprayed vines though it 
is possible that some was caused by the extreme heat and drought of 
July and August. Examination of the vines showed that the degree of 
injury occurred relative to the mixture applied in the order as follows: 
Bordeaux 4-4-50, Bordeaux 3-3-50, Bordeaux 2-2-50;; Adheso and Pyrox. 
No spray injury on the fruit was noted. 

During the past season pear psylla was very troublesome in this 
region, many growers not being aware of the presence of this insect and 
did not spray at the proper time. By mid-summer many orchards were 
badly infested. Cooperating with County Agent T. A. Farrand, an at- 
attempt was made to find a material to control the insect that could be 
safely used in the summer. Three mixtures were used: kerosene emul- 
sion, 40%; Nicotine 1-800 and soap, and a mixture suggested by the 
N. Y. Experiment Station at Geneva, consisting of 40 pounds stone 
lime, 1 pint of nicotine and 1 gallon of lime-sulphur to 100 gallons. 
These mixtures were applied August 2d and 3d upon trees quite badly 
infested. A high pressure was maintained and two men with rods 
sprayed opposite sides of limbs at the same time. There was very little 
difference in the effectiveness of the three mixtures and control was 
far from complete, it being practically impossible to hit the majority of 
the insects. Later examinations seemed to show that the heavy wash 
containing the lime acted as a deterrent as fewer insects were found 
upon these trees than upon the other sprayed trees or the checks. No 
bad effect was noted upon either foliage or fruit of trees sprayed with 
the heavy mixture and by picking time no appreciable deposit remained 
upon the fruit. A 

This mixture may have some value as a summer spray but control 
should be by the late fall or early spring applications as in summer they 
are too active and protected too much by the foliage. 

Plant breeding activities have been confined to tree fruits and grapes 
as before outlined. 

A considerable number of varieties have been planted this year for 
use in breeding work. There are 76 varieties of tree fruits and grapes, 
43 of brambles and 15 of foreign temperate zone fruits. 
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Considerable injury to peach fruit buds occurred on February 12, 
1917, the minimum temperature at the Station on that date being 16 
degrees below zero. Ixamination of 68 varieties showed the following 
to be the hardiest in bud and these in the order named: Longhurst, 
Horton’s River, Wark, Engles, Billmeyer and Banner. Examination 
at blooming time verified these results. Some damage was done to the 
Japanese varieties of plums, Burbank showing the most injury. Other 
varieties suffered little if any injury. 

Respectfully submitted, 
I. R. NOTEWARE, 
Superintendent. 
South Haven, June 30, 1917. 
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THE CLIMATE OF MICHIGAN AND ITS RELATION TO AGRICUL- 
TURE. 


Dewey A. SEELEY. 
INTRODUCTION. 


The whole realm of human activities and pursuits is affected by 
weather conditions, but none more vitally than agriculture. The average 
of the weather conditions makes up climate, and an accurate description 
of the climate of any section can be used as a guide in determining the 
suitability of that section for particular crops, provided soil conditions 
are right for those crops. 

It is the purpose of this paper to describe the climate of the state of 
Michigan and state its suitability to various crops. It will be necessary 
to enquire into the factors that determine climate, at the outset, in order 
to understand the peculiarities that will be noted in the climatic condi- 
tions in different sections of this state. 


PARE 1: 


FACTORS CONTROLLING CLIMATE. 


Latitude, altitude, environmental conditions, and the location of 
a place relative to the path of storms, each has a decided influence on 
climate. Without going into detail with regard to each of these it will 
be sufficient to notice that the distance north or south of the equator, 
other things being equal, determines the temperature of a locality because 
the sun’s rays strike the earth at a greater and greater angle with in- 
creasing latitude. In round numbers the average annual temperature 
decreases about one degree with each 190 miles north or south of the 
equator. 

Altitude, or height above sea level, has an effect on temperature ana- 
logous to that of latitude. On the average the temperature decreases 
about one degree Fahrenheit with each rise of 300 feet in height. As 
a result the summits of high mountains are continually snow-capped 
throughout the year, even in the tropics. On the other hand slight ele- 
vations of ground which provide good air drainage are not subject to 
the extremes of low temperature or killing frosts to the extent that low, 
undrained areas are, because the cold air, being heavier than warmer 
air, drains off from the hill-sides into the swales. Low ground is some- 
times colder by eight or ten degrees than higher ground near by. 

Elevated sections usually receive more rainfall than lower areas, 
especially on the slope from which the prevailing winds blow, because the 


684 STATE BOARD OF AGRICULTURE. 


currents of air which are forced to rise up the slope, expand and cool 
as they rise, thereby producing greater condensation and precipitation. 
It will be noted later that the effect of elevation on rainfall is notice- 
able even in Michigan where the differences in height above sea level 
are comparatively slight. 

The third factor in the control of climate, that of environmental con- 
ditions, is one which is particularly important in Michigan. The effect 
of the Great Lakes is marked, especially along Lakes Michigan and 
Superior, causing wide departures in temperature and other climatic 
conditions, between those sections and other regions of the same latitude 
and altitude. Large bodies of water heat much more slowly in summer 
and cool correspondingly slower in winter, than adjoining land areas, so 
that the Great Lakes are cool in summer and warm in winter, compared 
with the temperature of interior land areas. This is due to the fact that 
from five to seven times the amount of heat necessary to raise the tem- 
perature of a given weight of soil one degree is required to warm the 
same weight of water an equal amount. The fact that considerable heat 
from the sun’s rays is used up in evaporating some of the surface water 
also retards rapid heating. Water is usually in motion and any heating 
at the surface is transferred to other regions, whereas in the case of 
the soil this mixing does not take place and the surface becomes super- 
heated, and this is another reason why the soil is warmer than water 
areas in summer. Furthermore insolation is transmitted and conducted 
through water much more readily than through soil, which is an addi- 
tional cause of super-heating of the surface of latter compared to the 
former. As a result of these various factors actual tests of temperature 
of the water in the Great Lakes in mid-summer show readings as much 
as 30° F. to 40° F. lower than soil temperatures taken near the surface 
of the ground in the interior of the state at the same time. The pre- 
vailing westerly winds blowing across these wide expanses of compara- 
tively cool water in summer are greatly reduced in temperature and 
reach the Michigan shore as cool, refreshing breezes. 

The great volume of heat that is stored up in the lakes during the 
summer is held well into the winter season. In fact only in the very 
coldest winters does the water freeze solidly across, and then only for 
short periods. Therefore the extremely cold northwest winds which 
usher in typical cold waves in winter, are decidedly tempered in cross- 
ing the comparatively warm water and strike the eastern and southern 
coasts much moderated in temperature. 

The fourth factor influencing climate is the location of the region 
relative to the normal storm path. Storms are areas of low atmospheric 
pressure which travel across the continents and oceans in a general west 
to east direction, sometimes retaining their identity clear around the 
world. On account of the fact that the winds blow spirally inward 
toward the center of these great low pressure areas, as they progress 
eastward, they are called “Cyclones.” They are great atmospheric 
whirls, usually covering several states in extent, and travel easterly 
from 200 to 2,000 miles per day. The paths or routes that these dis- 
turbances travel are quite well defined. The majority of them move some- 
what southeastward over the western half of the country, changing 
their course to northeastward when they reach a point a few hundred 
miles this side of the Rocky Mountains. The further south a storm 
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goes the more pronounced is the turn to the northward in the middle- 
western states. As a result the majority of storms pass the region of 
the Great Lakes and drift eastward out the St. Lawrence valley. These 
storm areas bring with them the typical change to warmer and un- 
settled weather, with rain or snow, according to the season. 

Following these disturbances areas of high pressure or anti-cyclones 
usually arrive, bringing with them just the opposite sort of weather. 
Most of these formations first appear on the weather map in the far 
Northwest whence they move southeastward, many of them toward 
the Great Lakes. As the air flows out away from these areas, as cold, 
icy blasts in winter, the wind is northwest in advance of one of these 
anti-cyclones, sometimes reaching the required severity to be termed 
a “Cold wave.” Now Michigan is in the direct path of the majority 
of both the cyclones and anti-cyclones, and the weather therefore swings 
back and forth from one type to the other in irregular intervals of three 
to five days. Rainfall is more or less evenly distributed throughout 
the year and monotonous periods of extreme conditions of any kind 
are infrequent and shore in duration. On the other hand regions remote 
from these storm paths are not so evenly watered and do not experience 
the fluctuating conditions of this section. 


PART IT. 


THE CLIMATE OF MICHIGAN. 


Having outlined the factors which control climate in general the 
peculiarities of the climate of Michigan will be more easily accounted 
for. The various elements which make up climate, i. e., temperature, 
precipitation, cloudiness, wind and humidity, will be taken up separate- 
ly as they are found in this state and described in order. 

Michigan lies almost entirely between 42° and 47° N. latitude, and is 
therefore about the same distance north of the equator as France, 
Switzerland, northern Italy, Austria and the Balkan States. Its climate 
is somewhat colder than the first three countries named but about the 
same in temperature as Austria and the northern portion of the Balkans. 
The ocean currents tend to cause milder weather in the three former. 
The average annual temperature ranges from about 39° F. in the coldest 
portions of the upper peninsula to 49° FI’. in the southern tier of counties. 
Chart II shows the isothermal lines for the year, and they indicate 
clearly the decrease in temperature with increase in latitude. The effect 
of altitude can be noticed by studying the elevations shown in Chart 
I in connection with the annual temperatures. The following will serve 
to illustrate this effect: 
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686 
TABLE I.—EFFECT OF ELEVATION ON TEMPERATURE. 
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CHART I, Elevation of Michigan 
in feet above sea level, 
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Each pair of stations was selected to show the true effect of elevation 
alone, other influences such as latitude, distance from lake, etc., being 
about the same for both stations in each pair. 

The effect of the lakes on the mean annual temperature is evident, 
yet not as prounounced as it is in the case of either summer or winter 
temperatures. Chart II shows that the temperature is lower in the 
interior of the state than it is along the lake shores, but this is probably 
due more to the infiuence of elevation than lake effect. The cooling 
effect of the lakes in summer nearly balances the warming influence in 
winter, leaving the results for the year about the same as in the interior, 
at the same altitude. 


CHART II.-Mean temperature for the year in 
degrees Fahrenheit. (Average for ten or more years. 
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Charts III and IV, showing the mean temperature of Michigan for 
January and July, respectively, show the lake effect more clearly. In 
the former the lines bend sharply northward along Lake Michigan, as 
the temperature is higher on the lake shore. In the Lake Superior 
region the isotherms parallel the shore line, the temperature of the 
coast cities being four to six degrees warmer than interior points but 
a few miles distant. Just the opposite conditions are shown on the 
chart for July. Here the lines bend sharply downward along the Lake 
Michigan shore, the temperature being as low at South Haven, for 
example, as at West Branch, an interior station more than 100 miles 
farther north. 


CHART III.-Mean temperature for the month of 
January. 
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CHART IV.-Mean temperature for the month 
of July. 


The most striking illustration of the lake effect is brought out by 
Charts V and VI. These charts are drawn from data recorded during 
the very cold month of January, 1912, and the very hot month of July, 
1916, the temperatures used, being respectively, the lowest in January 
and the highest in July. The moderating effect of all the lakes is shown 
by Chart V. In the upper peninsula readings as low as -45° F. and 
-46° F’. were registered in the interior counties, while at Eagle Harbor 
the north-most station, on the Keweenaw peninsula, the lowest reached 
was -17° F. In the lower peninsula -39° IF’. was recorded at Gaylord, 
Otsego county, but the lowest at Old Mission, on Grand Traverse Bay, 
at the same latitude was -7° F. 

The July maximum temperature chart, (Chart VI), brings out the 
cooling effect of the lakes, especially Lake Michigan during extremely 
hot weather. Here the isotherms are crowded close together, parallel 
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to the shore line, indicating a rapid rise as one leaves the lake. The 
highest temperature recorded during this month of almost unprecedented 
heat, ranged from 93 to 96° IF’. on the lake shore, to as high as 105 and 
106° F. in the interior of the lower peninsula. The hot southwest winds 
in traversing Lake Michigan were cooled 10° or more. 
Superior shore, however, temperatures were as high or eyen higher, than 
further inland, because the winds were southwesterly and the lake effect 
was not felt, while inland the greater elevation of the land tended to 
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CHART V.-Lowest temperatures recorded during January, 
1912, one of the coldest months on record in Michigan. 


To further illustrate the effect of the Great Lakes on temperature 
five tables are reproduced, herewith, as follows: The mean monthly 
temperature, mean monthly maxium temperature, mean monthly mini- 
mum temperature, absolute maximum and absolute minimum tempera- | 
tures at Grand Haven, Michigan, Milwaukee, Wis., and the average of 
such temperatures at five cities in South Dakota, Wisconsin and Iowa, 
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having the same latitude, as compiled by Eshleman (1). The differ- 
ence in temperature between that at Grand Haven and the average of the 
five interior stations is noted by means of “-+-” and ‘“—” signs. It will 
be noted from Table II that the mean temperature for the year is practic- 
ally the same for all stations, but that Grand Haven is warmer in winter 
and colder in summer by several degrees than the western stations, and 
slightly warmer in winter and cooler in summer than Milwaukee, be- 
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CHART VI.-The highest temperature recorded during 
July,1916, one of the warmest months on record, 


cause it is on the windward side of the lake. Table III gives the average 
maximum temperature for each month at the several stations and shows 
a great difference between Grand Haven and the western cities during 
the summer months, also in the spring and early autumn, Grand Haven 
being cooler during this period by 6 to 10° F. The average minimum 
temperatures reached daily for the various months are tabulated in 
Table IV, bringing out the fact that extreme cold is not felt at Grand 
Haven as it is in the west, away from the lake. Throughout the winter 
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the difference ranges from 9° IF. to 11° F. 
effects are shown in Tables V and VI which give the highest and lowest 
ever recorded, respectively, each month in the year. 


TABLE II.—MEAN MONTHLY TEMPERATURE (°F.) 


But the most pronounced 


° . a > o Ps ral bp me ‘ b 3 =) 

Station =| 5 3 4 S iS eos a 3] } © a 

Sie je ls |) se 1s | Si) | @ | Ole wee 

Meera LAED.| 
Grand Haven...... 24 24 31 44 55 65 70 | 68 61 50 38 30 46 
Milwaukee........ 20 22 32 43 54 64 On|, 169 62 50 36 26 46 
Western Stations...} 18 17 32 48 59 68 Hiei cel 62 50 33 | 22 46 
DIPeETENGCE 2 fxie.<,- ote +6] +47) —1 —-4) -—4} -3) -3 | —3 | —1 0; +5! +8 0 
| 
TABLE III—MEAN MONTHLY MAXIMUM TEMPERATURE (°F.) 

ee eee eee et seelerranie cs | 

Station | 5} S A, S S| 5 & 5 ° 5) $ 

ol Boe tel Ses 1 Sa ado] aaa Or | Ba ae 
Grand Haven...... si, 29) 39 52 63 %e 77 76 70 58 45 34 | 54 
Milwaukee........ 27 30 38 52 63 72 78 76 70 58 43 32 5 
Western Stations... 29 28 43 61 73 81 87 85 76 64 44 32 53 
IDI GS hadas +2; +1); -—4] -9 |}-10/ —8 }-—10} -9 |} -6]} -—6)} +1) +42 —5 

TABLE IV.—MEAN MONTHLY MINIMUM TEMPERATURE (°F.) 

Sd a cet |. Baa PS eal eae nue ea ee feo 

Station a 5 3 A, 3 | ca 5 a $ ° & s 

i i ee ed eater salicie pee jo, 
Grand Haven...... 19 16 25 36 45 56 60 59) 53 43 32 24 39 
Milwaukee........ 13 15 24 37 45 55 62 61g 54 44 30 20 38 
Western Stations... 9 7 21 36 47 57 61 59 50 38 22 13 35 
Difference. <7 is). +10) +9 +4 0 —2 -—1 -1 0 +3 +5 |+10 | +11 +4 

TABLE V.—ABSOLUTE MAXIMUM TEMPERATURE (°F.) 

“ie altage Be 5] ol abee alive al Se Ss) be tl calor aie 

Station 3 S 6 s 5 r= 5 Be S ° ® 3 

ae re ee (eee ee omeE tac) 
Grand Haven...... 61 59 71 84 92 92 92 92 82 82 72 61 94 
Milwaukee........ 61 60 81 86 94 98 | 100 98 95 88 73 63 100 
Western Stations... 63 72 84 95 98 | 104 | 110 | 104 | 103 92 75 65 110 
Difference? :.-...0-.0 —2 |-—13 |—13 |—11 |—11 |—12 |—16 | —12 |—11 |—10]! -3 —4 | -—16 
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TABLE VI.—ABSOLUTE MINIMUM TEMPERATURE (°F.) 


| : 

i 2 ee | eit |e > cS} 8 

Station = o 3 A 8 iS ae ee 33) ° o 3 

Me Lares 1G ae hi etre line ee | < | a | Canze\C Owe 
Grand Haven...... —14 | —25 —5 9 28 yf 40 42 30 | 20 0 |—12 —25 
Milwaukee........ —25 |—24 —8 12 25 38 47 42 30 |) 15 |—14 | —22 —25 
Western Stations...| —30 | —32 | —12 9 28 35 40 37 20 | 7 |—13 | —24 —32 
Terence: 652.66 <6: +16 +7 +7 0 0 +2 0 +5 {+10 14413 +13 }+12 +7 

| 


The tables above show the effect of Lake Michigan on the temperature of Grand Haven and Mil- 
waukee. The average of five stations in South Dakota, Wisconsin and Iowa, having the same latitude 
as Grand Haven and Milwaukee, were selected for comparison. The ‘difference’ is the departure 
between the reading at Grand Haven and the average of the five western stations, in each case. 


These tables show that the extremes of temperature experienced at 
inland stations are not felt at Grand Haven, which is a typical lake 
station. 

As already stated the frequent passage of cyclones and anti-cyclones 
across the lake region causes fluctuating temperature to a greater extent 
than is found in regions outside the storm path. In the winter season 
the approach of a storm area from the west is preceded by southerly 
wind and rising temperature in Michigan, and the high pressure area 
which follows brings with it a shift of wind to the northwest, with 
colder weather. In the summer season storm areas which move across 
the northern portion of the Great Lakes, at a time when the pressure is 
high over the southeastern states, cause hot waves in this state, but 
these are usually followed in a day or two by refreshing northerly breezes 
attending approaching high pressure areas from western Canada. The 
changeableness of the temperature is therefore one of the noticeable 
features of the climate of Michigan. 


PRECIPITATION. 


Rain and snowfall should be next considered. The same four factors 
which control the temperature of a place also influence, to a greater or 
less extent, the amount of precipitation. The influence’ of latitude is 
not so pronounced on precipitation as on temperature. In fact within 
the range of latitude found in Michigan no difference in rainfall due 
to distance from the equator is noticeable. 

The effect of elevation is noticeable, however, perhaps to a greater 
extent than on temperature. Chart VII, showing the normal precipita- 
tion for the year over the state, if noted in connection with Chart 
I, giving elevations, reveals the fact that rainfall usually increases with 
altitude as a general rule. This is especially true on the western 
slope of higher land. For example the heaviest rainfall in the state is 
in the southern tier of counties, beginning about 25 miles from the lake, 
where the elevation begins to increase toward the eastward. In the 
upper peninsula the most rain falls in the interior counties, where the 
elevation is greatest. In the elevated regions in the northern portion of 
the lower peninsula, however, the rainfall is not greater than nearby 
sections having less altitude. 

The Great Lakes undoubtedly increase the rainfall throughout this 
whole region, but the annual amount of precipitation is not noticeably 
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greater on the immediate lake shores than further inland. Such large 
bodies of water furnish much vapor to the atmosphere, which is carried 
upward by convection with each cyclone which passes, is cooled, con- 
densed and precipitated as rain or snow. In the lake region the annual 
rainfall is over thirty inches, while in the Dakotas it is less than twenty 
a difference due partly, at least, to the lake effect. The reason 
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CHART VII.-Average annual rainfall in inches. 


for even less rainfall immediately along the shores of the lakes, than 
in some interior sections, may be the fact that the cooler weather near 
the lakes in summer does not foster the convectional action and local 
thunderstorms to the extent that the warmer interior regions do. 
average number of thunderstorms per year at Grand Haven, Mich., is 
twenty-six, while at Lansing the average is forty-two. 
considerably greater near the lakes, however, especially along the south- 
ern coast of Lake Superior and the eastern coast of Lake Michigan. 
the former section over one hundred inches of snow usually falls each 


The 


The snowfall is 
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winter, as shown in Chart VIII. Along the shore of Lake Michigan from 
fifty to sixty inches per year is the average, but in the interior of the 
state the snowfall totals from thirty to fifty inches annually, in most 
sections. In the southern portion of the upper peninsula the snowfall 
is less ‘than fifty inches. This heavy snowfall along the lakes is caused 
by the passage of the prevailing westerly winds, first over the compara- 
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CHART VIII. -Average annual snowfall, in inches, 


tively warm water of Lakes Michigan and Superior, for distances of 
sixty to over one hundred miles, causing them to become moisture 
laden, and then on coming in contact with the cold land areas along 
the shore the moisture is condensed and falls as snow almost con- 
tinually, at least while the winds continue on shore, during the winter 
season. The ground is usually covered in the Lake Superior region, 
with one to five feet of snow, from middle autumn to late spring. 

The fourth factor controlling climate, i. e., the proximity of the normal 
storm path, is a very important one as regards rainfall. Ordinarily 
each successive low pressure area brings more or less rain or snow as it 
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passes over Michigan, and the precipitation is therefore ample and well 
distributed through the year. Chart IX brings out this matter of 
distribution in different portions of the state, as well as graphically 
showing the amount of rainfall available in each place. 


CLOUDINESS. 


The amount of sunshine is an important element in climate both on 
account of its relation to crop growth and development and the general 
welfare and happiness of mankind. It probably ranks next after tem- 
perature and precipitation, in importance. 

Like precipitation the range of latitude found in Michigan has no 
appreciable affect on the amount of cloudiness, but on account of the 
fact that the possible hours of sunshine increases, during the summer 
season, with distance from the equator, the fact should be noted that 
the days are more than thirty minutes longer in summer, in the upper 
peninsula, than in the southern portion of the lower peninsula. 

The range of elevation in Michigan is hardly sufficient to cause an 
appreciable difference in the amount of cloudiness but the influence of 
the Great Lakes is decided. As was explained in connection with the 
discussion of precipitation, the warm, moist air over the Lakes in 
winter, is carried land-ward by the prevailing westerly winds, and 
clouds are continuously formed, by condensation, when the colder land 
areas are reached. The weather is therefore unusually cloudy in Michi- 
gan during the late fall and winter months, especially in the western 
half of the lower peninsula. In fact with the exception of portions of 
New York state, along the eastern end of Lake Erie, and in the eastern 
portion of the upper peninsula of Michigan, there is less sunshine along 
the Lake Michigan shore than in any other section of the country. In 
January the actual sunshine in western Michigan is less than twenty 
per cent of the possible amount. 

During the warmer portions of the year, however, the Great Lakes 
have just the opposite effect. The cool water tends to prevent convection 
and clouds are not formed to the extent that they are in warmer sec- 
tions. As a result the amount of sunshine is greater in July, by about 
ten per cent, in western Michigan then it is in Ohio and Indiana. 

The alternate passage of areas of high and low pressure over the state 
results in fluctuating cloudiness. Low areas usually cause more or less 
cloudiness for one or two days during their approach and passage and 
these are followed by two or three days of clear weather, as the anti- 
cyclones pass over. This change from cloudy to clear weather and back 
again is not noticeable in the winter season to the extent that it is in 
summer on account of the almost continuous cloudiness caused by the 
lakes. In the summer time the cyclonic and anti-cyclonic formations 
often become so feeble that they fail to cause the normal changes in 
cloudiness and there are long periods of uninterrupted sunshine. 


WIND. 


The wind direction and velocity are important largely on account of 
their relation to the other climatic elements. The direction of the pre- 
prevailing winds, for example, is especially important in this state on 
account of the position of the Great Lakes. If the prevailing wind were 
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east instead of west then it would be the Lake Huron shore that would 
have the more equable climate. 

Michigan is, of course, in the region of the prevailing westerly winds. 
Chart X shows the prevailing direction at each observing station in the 
state. Local influences such as the contour of the land and the proximity 
of the Lakes cause a deviation from the true west, at some stations. 
The “land and sea breeze” is pronounced along the lake shores. This 
is a local wind, blowing on shore in the heat of the day and toward the 
water at night, due to convection. The air becomes hot and lighter over 
the land than over the water on a hot summer day, and the cooler and 
heavier air over the cool water moves in, forcing it upward. Just the 


TABLE VII.—This table shows the number of rainy, clear, partly clcudy and clcudy days in each 
month and for the year in each of four sections of the state. A ‘‘Rainy’’ day is one with 0.01 inches 
or more of rain or melted snowfall, a clear day is one with zero to three-tenths clcuds, a partly cloudy 
day, four to seven-tenths of clouds, and a cloudy day eight to ten-tenths overcast. 


. H : = ® bs, ab 3 A re 3 
Days = D S 5, 5 = | 5 allots ° d 3 
2 & |e) S| 44 = 86>) 6) 474) @Aec lea eee 
Upper peninsula: 

Pileh gasoeed Promeeicae 10 8 8 8 1 9 8 8 10 9 10 10 109 
Cleans ch, osteo ns 8 10 We 13 13 14 17 15 12 il 8 7 140 
Partly cloudy.... 5 6 7 6 i 7 8 8 tf 6 6 6 79 
C@loudys ceca 18 12 12 11 il 9 6 8 11 14 16 18 146 

Northern portion of 
lower peninsula: 
IRaliy icon stasis 9 8 8 8 ih 7 a 8 8 7 8 93 
CWlGaty ieee = sin etens 7 9 11 12, 14 14 17 as 2 13 8 6 138 
Partly cloudy.... 6 7 8 7 8 9 rede lfi  2) 8 7 7 6 90 
Cloud yee ee ais 18 12 12 itil 9 ul 6 a 10 11 15 19 137 
Central portion of 
lower peninsula: 
Vaya ereteeetet ere te 9 7h 7 8 9 8 8 7 8 ia ‘ 8 93 
Cl@aviciss oe te 6 7 9 10 10 13 15 15 if 12 7 5 121 
Partly cloudy.... 9 9 10 9 12 11 11 Wil 10 9 9 9 119 
Cloudyza4eoeeae 16 12 12 11 9 6 5 5 8 10 14 il7/ 125 
Southern portion of 
lower peninsula: 
Rain yates rere 10 if 9 9 10 9 8 8 8 7 7 9 101 
Clears reer os if 8 9 11 12 13 16 15 14 13 9 7 134 
Partly cloudy.... 6 8 9 8 9 10 10 10 10 8 8 7 101 
Cloudy: een one er 18 12 13 11 10 i 5 6 8 10 13 17 130 


opposite action takes place at night, when the land becomes cooler than 
the lake. These cool, refreshing lake breezes are very welcome on a 
hot summer afternoon, but in the early spring they are often too cool 
to be pleasant. The temperature often falls thirty degrees or more within 
a few minutes when the wind shifts, on a warm spring afternoon. 

As has already been stated the passage of areas of low and high pres- 
sure across the Great Lakes region is attended by shifting winds. The 
currents of air flow spirally inward toward the centers of low barometer, 
counter-clockwise, while in the high pressure areas the winds blow 
spirally outward from the center, in a clockwise direction. When a 
cyclone approaches from the west, therefore, the winds are first south- 
easterly, shifting around either through east and north, or through 
south and southwest, depending, of course, on the path the storm takes, 
changing in the former direction if the storm passes south of the ob- 
server, and in the latter direction if the center is to the northward. 
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With the oncoming high area, if it advances from the northwest, the 
winds are northwesterly. With a good aneroid barometer and wind 
vane the movement and passage of these atmospheric formations can 
be determined and followed with interest and profit, for they largely 
control weather changes. 


CHART X.-Prevailing wind direction. Arrow’ 
fly with the wind, 


HUMIDITY. 


The amount of moisture in the atmosphere in the form of vapor is 
important enough to be classed in with the other climatic elements. It 
is usually expressed in terms of relative humidity, or the per cent of 
moisture present in the air, compared with the possible amount. The 
capacity of the air for moisture increases rapidly with the temperature. 
For example the invisible vapor necessary to saturate air at 40° F. is 
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sufficient to produce a relative humidity of but 50 per cent when the 
air temperature is increased to 60° F. 

Of the four factors which control climate only the last two need to 
be mentioned here in their relation to humidity, because neither the 
range of latitude or altitude found in Michigan is sufficient to ap- 
preciably change the humidity. But the presence of the large water 
surfaces of the Great Lakes is an important factor in influencing the 
humidity, because such surfaces are constantly evaporating water into 
the atmosphere. The following table will serve to show the effect of the 
Great Lakes on relative humidity: 


TABLE VIII—RELATIVE HUMIDITY AT LANSING, MICH., AND BISMARCK, N. D. AT 
7 P.M., BY MONTHS AND FOR THE YEAR. 


| 

: ia) o b : ve) 5 : ° b 

aq 2 = em a =I aol | bo (= lh or ° So s 

io — s | = | a o 2 As 

Se Wo at rete ales | 4 |u| o'| 29) uae 
Lansing, Mich..... 85 80 74 68 68 68 67 | 73-1) 80 | Sel ee | 85 76 
Bismarck, N.D....| 66 | 67 | 65 55 54 59 52 | 49 52 60 63 | 67 59 

U 


Part of the difference in relative humidity between the two stations 
in the table is probably due to the fact that Bismarck, N. D., is some 
distance from the normal storm path, while Lansing, Michigan is more 
directly in the region most frequently traversed by “highs” and “lows.” 
An increase in cloudiness and rainfall, brought about by the passage 
of low pressure areas, also causes an increase in relative humidity. 


OTHER PHENOMENA. 


There is yet to be considered the occurrence of other atmospheric 
phenomena such as hail, frost, tornadoes, etc. These are more or less 
destructive to farm crops and their discussion will properly fall in what 
is to follow. But a word should be said as to their distribution and 
frequency over the state before the subject of the relation between the 
climate of Michigan and agriculture is taken up. : 

Hail is attendant upon heavy thunderstorms. It is very local in char- 
acter, covering only small areas in any particular storm. On the average 
two hailstorms per year occur at Lansing, which may be considered a 
typical station for Michigan, but the number is less near the lake shores. 

Frosts occur each fall and spring, the dates being largely influenced 
by the first three factors, influencing climate, i. e., latitude, altitude, and 
proximity of the lakes. The fourth factor should also be considered but 
somewhat modified. Latitude of course is an important factor in deter- 
mining how late in the spring and early in the fall killing frosts are 
liable to occur. In the interior of the upper peninsula the weather re- 
mains cold until early summer and the period of warm weather is short, 
while in the extreme southern portion of the state it is much warmer. 
A table is appended giving the dates of frost and the length of the grow- 
ing season at many stations in the state. From this table the following 
is extracted to illustrate the matter of the effect of latitude on dates of 
frost: 
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Stations 


| 
| Humboldt Adrian 
| 


RE HUUCE Cesc do, sctyete tansy ciecs ua ens aeats cs vey ceehiocs rae te satel iat ians (otichareue i cases crousts/| AGUSO Leek: 41° 50’ 
Average date last killing frost in spring --.| May 7 
Average date first killing frost in fall........... : spaces OCts 2D 
Averace lene tion STOWLOS SEASOW. oe. sociale cr crw cles o/s tnleret, alciels)«sraliviels ce clelers. « pee Lidedays 


Elevation has some bearing on the length of the growing season, but the 
matter of air drainage as affected by local influences is more important. 
A station on a hillside, which allows the cold air to drain off into a 
valley below, will escape frosts longer than a place situated at a lesser 
altitude. 

The proximity of the lakes has a pronounced influence in preventing 
early frosts in the fall. At Frankfort, on Lake Michigan, the average 
date of the first killing frost in autumn is October 19, while at Grayling, 
about the same distance north, but in the interior of the state the average 
fall frost is more than a month earlier. Table IX and Charts XI, XII 
and XIII show the dates of frost and length of the growing season. 


TABLE IX.—DATES OF KILLING FROST AND LENGTH OF GROWING SEASON. 
UPPER PENINSULA. 


Latest Earliest Average Average Average 

date of date of date last | date first | length of 

Station County killing killing killing | killing the grow- 

| frost in frost in frost in | frost in | ing season 

spring autumn spring autumn in days 

| | 

[BARA ee es aes Baralaac sasiescste es | june 27. |*Augs. 2: | May 255. |" Sept. 5 103 
Gahumete 2s. Ne Houghton........ May 30..| Aug. 26..| May 17..| Oct. 1.. 137 
@hatham.; yeic secs ce ANS EN ener stat euch erareie| June 28..| July 16..| June 13..| Sept. 6.. 85 
BrLAT DOT 5 choo: ates « Keweenaw........| June 7..| Sept. 13..) May 23..| Oct. 10.. 140 
ISGanla Dame oe erere Deltas eis « «12 esis | July OSs) oly; 2is 3 May is). | Octs hae 145 
Grands Marais)... AIG OP. eerie eeis.s | June 1..| Sept.12..| May 17..| Oct. 10.. 146 
VOU enTON is Se eae Houphtion.: . .cc-- May 27..| Sept. 22..| May 12..| Oct. 10.. 151 
EMmMDO G5-a/esey<.- os Marquette........- June 28..| July 16..| June 11..| Aug. 27.. . tlt 
Iron Mountain...... Dickinson........ June 15..| Aug. 27..| May 20..| Sept. 25.. 128 
TrOnWOOG..| 4 hi. sales Gogebiess.,.>-2%. June 13..| Sept. 1..| May 22..| Sept. 24.. 125 
ron River: p< 65..<:<,c. TOME Beit acts: s sre By lwuly 252.) duly 23. j- dune Saaisepts Ole 93 
Ishpeming.......... Marquette........ June LS.) July 26. .) Jaume 15) Sept. 172% 107 
Mackinac [sland a.) 2\|'scctsseve des cfs ts aera | June 20..| Sept. 21..| May 18..| Oct. 11.. 146 
Maple Ridge....... Delta Pe. te June 27..| Aug. 27..| June 5..} Sept.11.. 98 
Marquette.......... Marquette.....5.5..: gune LT...) Ave 2272), Mayelss =| Oct. 72: 147 
Menominee......... Menominee.......| June 21..} Sept. 16..} May 13..| Oct. 10.. 150 
Newberry........ oe ENICG peerne ecle Se June 20..} Aug. 27..| May 28..| Sept. 19.. 105 
Si wlenace wie ss,es 3 Mackinac: <7... .|\ June’ 28_-)) Sept. Ir. || May 13-2) (Oct; (6s: 146 
Sault Ste. Marie....| Chippewa........ May 28..| Sept. 14..)] May 13..| Oct. 2.. 142 
Whitefish Point..... Chippewa........ May 28. ‘| Sept; 21° 2 May 20) -|\Oet. Ass. 146 
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NORTHERN COUNTIES, LOWER PENINSULA. 
Latest Earliest Average 
4 date of | date of date last 
Station County killing | killing killing 
frost in | frost in frost in 
spring | autumn spring 
| | 
ATP ODD sac .5 erele tte cv] CAUDEDE. ctavetal qe oteras June 9 Sept. 6 May 13 
IBGN ZONING. in cisterts eis IBONZAC hk Sire eu He May 27 Aug. 27 May 13 
Charlevoix... «2 ce. seh Charlevoix........| June 10 Aug. 27 May 14 
Cheboygan......... Cheboygan....... June 20 Aug. 26 May 22 
Hast Tawas:.......- TOSCO sivene terse nares June 24 Aug. 22 May 20 
Hrankiont sve. e ss wee Benzie 2.2. us esretsce May 27..| Sept. 29 May 10 
Grayling <5 sees @rawiOrdiy serene June 8..| Aug. 26 May 20 
ERATTISOUN oy (.fexetsi eal Clare. ieee eerie May 30..| Aug. 27 May 14 
PLATTS VIS Z ofeic. oyoiete al WACOM ccers ities) crates | June 20..| Sept. 4 May 17 
VSG <s:a%s.s. slate Sales 6 tree OPSEPOsmiccs socket June 12..| Aug. 26 May 23 
Lb Mehisha as Gouna aucos WiaSO Derive iste sis irae | June 17 Sept. 17 May 14 
Mackinaw.......... Cheboygan....... June 20 Aug. 26 May 20 
IMU RMICCLOMA. josie efectos AN ERIMD Serie eere gtk July 13 Aug. 26 May 28 
Miami Steeecrrer rs terte Manistee......... May 28 Sept. 29 May 10 
Old Mission........ Grand Traverse...| June 9 Sept. 29 May 13 
OMErF shite ee ATONAC she sure eee Aug. 18 May 25 
Onawayeresaiies.s s Presque Isle Sept. 3 May 27 
Reed (Cityie sarin. sae Osceola Aug. 23 May 22 
Roscommon........ Roscommon. . . Aug. 21 June 14 
Sb. SAMS rae we cet r Charlevoix Sept. 25 May 16 
Traverse City.......| Grand Traverse Sept. 17 May 16 
Wiest Branch... Ogemaw Aug. 27 May 25 
CENTRAL COUNTIES, LOWER PENINSULA. 
PAIN Ae grea Mave totanarsyeeaeke Giratiotescescscse: May 28..| Sept. 2..| May 12 
ATDEe laa care nats. sveree ARVRTEOENN Sahoo on June 9..| Aug. 27..| May 12 
BavaGit Veenci ctectexset: Bays. tee. ese May 28..| Sept.18..]| May 9 
IBIgPRapIGSs eres -yereu Mecosta..........] May 29 Sept. 2..| May 13 
Harbor Beach...... lsi bbcode scrto ldo n June 4 Sept. 17..| May 11 
AMA teecwicratet sledsvanore anes Ke OCCAM A vaste et os trons May 28..| Sept. 2..| May 13 
MISES On pauses es Muskegon........ May 27 Sept. 14..| May 7 
IPOTtPATISTINU yee: islbldolaS Fado Oooo TL June 20 Sept. 10..| May 16 
SAUNA Wiehe cs aiacsscirole steps SaPinawiss ee ers ere May 28 Sept. 14..| May 5 
SOUTHERN COUNTIES, LOWER PENINSULA. 
AC an eaten 5 otek te Lenawee......... May 28 Sept.19..] May 7.. 
IAN Op aT 05:18 coo eeeerars Aller aneegon store June 11 Sept. 5..| May 13.. 
ATMEAT DOL. <i-1s cele Washtenaw....... May 14 Sept. 22..| May 4.. 
Battle Creek...:.... Calhoun, -- ee: May 27 Sept.19..| May 3.. 
Bloomingdale....... Van vBurenty.:. ier May 27 Sept.12..| May 8.. 
@assopolisis oscil se (ORI ome cracsetm Graal May 27 Sept.22:.|) May ee 
Coldwater, 2.22 eee Branch May 21 Sept. 18..| May 3.. 
Detroit AS auc oe (Wiayile’s acts. o siciehetest May 31 Sept. 22..| Apr. 29.. 
Eloise WiaVMONatorsc. coke May 27 Sept.18..| May 8.. 
1 FSO den eReecusia-croke aie bic Genesee renin cs ans May 27 Sept. 18..) May 9.. 
GAD Oeste tabes be seonce MOnTOe celts. ie May 28..| Sept.19..| May 7.. 
TASH ES) ei) = 0 oot chebs SUL TEY = etetatarcshe ae May 28 Sept. 18..} May 15.. 
EDHNISal Csreptes stile uate IshillcobCRS cog ome May 28 Sept. 19..) May 10.. 
LOU AMG ein ale clere sors Ottawale....gee ce ot May 27 Sept. 26..| May 9.. 
HOWE eestor oo) eivAne stone. May 28 Sept.19..| May 8.. 
MACKSON A taoe ciersis aisys ACKSOM Me iaeersr ae May 21 Sept.18..| May 3.. 
GG (Teoh anon Bain St. Clair May 28 Sept. 22..| May 7.. 
WAN SING qe seas ns lhotsd shel ees ae.o5 oie May 28..| Sept.19..] May 4.. 
Mt. Clemens....... VAC OMI = ee alee ee May 31..| Sept. 19..| May 13.. 
OWOssOtae os Does Shiawassee June 8 Sept. 14..} May 13.. 
Pyotr teeters Nile ose oeorueeein pic May 28 Sept. 2..| May 7.. 
Pontiac ie ea ee Malkdamdinre act rbee May 29 Sept. 11..) May 11.. 
POTtsHULON eect St. Glance. ance June 6 Sept. 22..| May 6.. 
South Haven....... Wane Bumen cc. 1. May 20 Sept. 21..| May 3.. 
BY SPSL) eyes talons eee Washtenaw....... May 29 Sept. 14..)| May 10.. 


Average 
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Tornadoes occur infrequently in Michigan, on the average about one 
or two per year in the entire state. They are practically unknown in 
the upper peninsula. The region of most frequent occurrence is in the 
south-central portion of the state. The Great Lakes undoubtedly de- 
crease the number somewhat, on account of their cooling effect, thereby 
checking the required convection. These destructive local storms occur 
usually in the southeastern portion of the larger disturbance, or cyclone, 
and as the state is in the path of greatest frequency of these cyclones, it 


CHART XI,-Average date of ljast killing frost in Spring 


seems reasonable to suppose that tornadoes would be more frequent in 
Michigan than in other states outside the path of storms, were it not for 
the Great Lakes. 

Notable tornadoes, in recent years, were two which occurred in 1911 
and 1915 respectively. The first passed through the city of Owosso, doing 
considerable damage and causing some loss of life. The second passed 
southwestward from the city limits of Charlotte, Mich., passing two 
miles north of Eaton Rapids, to some inland lakes southeast of Stock- 
bridge, Mich., where it disappeared. This storm was of unusual severity 
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and leveled everything in its path. Had it passed through any city it 
would have caused great loss of life and greater destruction to property. 

High winds occur at intervals in connection with thunderstorms, of 
sufficient strength to do serious damage, but the state is still fairly well 
wooded and sufficiently rolling to check the wind velocity to a consider- 
able extent. High winds are frequent on the Great Lakes, in connection 
with marked cyclonic formations, but their velocity is lessened as they 
come inland. 


CHART XII.-Average date of the first killing 
frost in autumn, 
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CHART XIII,-Length of growing season, in days. 


PART III. 


THE RELATION OF THE CLIMATE OF MICHIGAN TO AGRICULTURE. 


Climate and agriculture are closely related because all crops require 
certain amounts of heat, moisture and sunshine to make normal growths. 
The exact requirements of any crop for any given climatic condition are 
very difficult to determine and state in figures, because the relationship 
is complicated and plants are able in a measure to overcome unfavorable 
environment. Probably no exact statement has yet been made as to the 
most favorable temperature conditions, for example, under which a 
crop would thrive best, or how many heat units are necessary for any 
crop plant to perform its life functions to the best advantage. There 
have been numerous attempts to find a “thermal constant,’ as it has 

89 
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been called, for various crops, in terms of air temperature during the 
life phase of any crop, under the supposition that a uniform quantity 
of heat is necessary to produce a given increase in growth. But widely 
different results are found from year to year when daily air temperatures 
are added together over a period during which the plant is passing 
through a certain growth stage. Somewhat closer results are obtained 
by subtracting a constant amount, usually 42, from each air temperature 
considered, because 42° F. may be taken as zero for plant growth for 
ordinary farm crops. This process of adding together the remainders 
after subtracting 42 from each daily temperature reading, has been 
called the “summation method” of studying the relation between air 
temperature and plant growth. As stated above it does not give con- 
sistent results. 

Livingston,” Lerenbauer,® and others have introduced Van’t Hoff’s law 
into the problem, to the effect that chemical action, and hence plant 
growth, which is largely chemical in nature, is accelerated and doubled 
with each increase of 18° F. in temperature. This system seems to hold 
good for medium temperatures, and gives closer results than the sum- 
mation process, but it fails, as does the latter also, when higher tem- 
peratures are concerned, because it takes no account of the fact that 
the rate of growth decreases after a certain temperature is passed. 

To overcome this defect and to further perfect the system, Livingston* 
has worked out a series of values or indices of growth corresponding 
to each degree of temperature. These indices were determined from 
Lerenbaurer’s’ curve of growth in maize seedlings as controlled by tem- 
perature. He took the rate of growth at 40° F. as unity and found 
value for each succeeding temperature on this basis. The highest value 
was 122 at 89° F., after which the indices rapidly decreased to unity 
again at 116° F. When this system is applied to air temperatures it 
gives slightly better results for the earlier growth phases, but seems to 
be no improvement over earlier methods for later periods of growth. 
Seeley’ has pointed out that the temperature of the plant itself is widely 
different from that of the air which surrounds it, especially when the sun 
is shining, and suggests that plant temperatures be used instead of air 
temperatures in studies of plant growth. He found that plant leaves 
were, on the average, 15° F. warmer at midday, in clear weather, than 
the air temperature, 10° F. warmer when the sun was partially obscured 
in partly cloudy weather, and practically the same temperature on 
cloudy days. These averages were obtained from over 300 observations 
made during the growing season of 1915 and 1916. He proposes a 
formula for evaluating air temperatures in terms of the true plant tem- 
perature as follows: T = t —42 N + 15 C + 10 P, where “t,” is the 
sum of the daily maximum temperatures during a given period, “N” 
the number of days in the period, “C” the number of clear days and 
“P” the number of partly cloudy days. Applying this formula to the 
average temperatures at a number of stations in Michigan, using the 
normal number of clear, partly cloudy and cloudy days during the 
growing season, in each section, gives a more accurate idea of the true 
thermal conditions under which crops grow in this state. Chart XIV 
shows the results obtained in this way. It will be noted that the largest 
value, 7183 is about 40 per cent greater than the least value, 5048, the 
stations having these values being, respectively, Adrian, in the extreme 
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southern, interior, portion of the state, and Calumet, in the extreme 
north and on Lake Superior. It will be noted that the interior of the 
state has much higher thermal values than sections near the lakes. 
With further study and research accurate methods will probably be 
evolved for definnig the suitability of the temperature in any section to 
meet the plant requirements, but at present only the most general terms 


CHART XIV.-Thermal efficiency of Michigan, found by 
evaluating air temperatur in terms of plant temperature, 
by use of formula, 


can be used. The cereal crops grown in Michigan more or Jess extensive- 
ly are corn, wheat, oats, barley and rye. They each find temperature 
conditions to be a limiting factor, to a greater or less degree, in the 
production of a maximum crop in a rather large per cent of years. 
Corn is grown to a considerable extent in Michigan, especially in the 
southern portion, but at least in the northern portion it is not grown 
as successfully as it is in the “Corn Belt” states. The plant requires a 
rather long frostless season, with warm nights for best results, and these 
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conditions are not found in the northern portion of the state. The crop 
will mature in 100 to 120 days when the weather is sufficiently warm, 
but 120 to 150 days are necessary to ripen it well if the weather is cool. 
Referring again to Charts XI, XII and XIII, showing frost dates and 
the length of the frostless season in various sections of Michigan it will 
be seen that many portions of the state are unsuitable for corn. 

The winter varieties of wheat are grown exclusively in Michigan be- 
cause there is usually sufficient snow to protect the crop through the 
winters, which are not so severe, as has been pointed out, as those in 
the northwest. Some “winter killing” occurs largely on. account of 
alternate freezing and thawing when the ground is bare, but on the 
average the yield is satisfactory. The same statements apply to rye, 
which is also sown in the fall. 

Oats and barley seem to find satisfactory temperature environment in 
nearly all portions of the state, and good crops are usually obtained 
where the soil is suitable. 

Other crops which are successfully grown in Michigan on account, in 
a measure, of favorable temperature conditions, are hay, potatoes, beans, 
sugar beets, cucumbers, peas, chicory, mint and various other minor 
crops. It is doubtful if any other state in the union has a wider range 
of crops of rather large proportions than this state, largely due to the 
combination of marine and continental temperature conditions of this 
state and the local variations of other climatic elements as well, which 
have already been noted. 

Fruit is a leading product of Michigan, largely on account of the 
very favorable climatic conditions produced hy the Great Lakes. <A 
narrow strip of the state extending along Lake Michigan is especially 
adapted to fruit and has been given the name of the “Fruit Belt” be- 
cause of this fact. Among the climatic conditions found in this section 
that are favorable to fruit growing are, first, the continuation of cool 
weather into late spring which tends to retard the opening of fruit buds 
until danger from late frosts is past; second, unusually clear and not 
too hot summer weather, which produces good color and flavor in the 
fruit; third, prolonged cool falls, with freedom from early frosts, which 
tends to ripen up the wood properly, and, fourth, a moist atmosphere 
and freedom from extreme cold in winter which prevents winter injury. 
The fruit industry is still in its infancy in this favored section, but 
growers are beginning to realize the possibilities of the region. 

The precipitation which normally falls in Michigan is sufficient for 
the crops which have been mentioned. But here again statements of 
exact relationships are as yet impossible. Briggs and Shantz‘ have 
worked out the actual rainfall requirements to produce a pound of dry 
weight in corn and Smith* has found that the yield of corn, potatoes and 
other crops is largely a matter of securing the required amount of moist- 
ure during certain short critical periods. Investigations in Italy and 
Russia have indicated that wheat also has a “critical period” during 
which the yield is determined by the amount of rain then available. But 
much more work must be done before the rainfall efficiency for crops 
can be stated for any section. 

In general it is important that the precipitation for the year should 
be ample, and also that it should be suitably distributed through the 
months so that a sufficient supply will be available when the crops are 
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growing and maturing. Reference to Chart IX shows that the most 
rain falls from May to September, in all parts of the state, and these are 
the months that it is most needed. Chart XVI shows the distribution 
in Michigan compared with that in other portions of the country, by 
which it will be seen that an equally satisfactory distribution does not 
obtain in all other sections. Occasional droughts occur in portions of 
the state which seriously shortens yields. One of the most serious of 
such droughts was that of July and August, 1916, which markedly 
reduced the crops of corn, potatoes, beans, sugar beets and other crops 
in most portions of Michigan. This affords a good opportunity for study- 
ing the relationship between precipitation shortage and crop shortage, 
and Chart XVI has been constructed to bring out this relationship. It 
will be noted that the yields of corn and potatoes are directly propor- 
tional to the July rainfall. With the exception of potatoes in the north- 
ern portion of the lower peninsula the length of the lines representing 
the crop yields are in the same proportion as the lines representing 
rainfall in July, and this discrepancy may be accounted for by the fact 
that in the heavy potato producing counties in this northern section, 
along Lake Michigan, the rainfall was much heavier than that in the 
interior of the state and the eastern portion. The average yield was 
therefore enlarged in those sections thereby unduly increasing the gen- 
eral average. In Leelanau county, for example, the rainfall for July 
was about two inches and the average yield 130 bushels per acre, while 
in Kalkaska county nearby, the rainfall in July was little over half 
an inch, and the yield of potatoes but 20 bushels per acre. 

The yield of beans seems to be less closely related to the July rainfall 
than the other two crops mentioned, but a closer study indicates that 
rainfall in August is a determining factor on the yield of this crop. The 
average July rainfall in 1916 in ten counties which had the largest 
yield of beans per acre in the state that fall, was 0.96 inches and the 
August rainfall in the same counties 3.26 inches, while in the ten counties 
which yielded the least the July rainfall was about the same as in the 
other ten, 0.88 inches, but the August rainfall was only 2.02 inches, or 
more than a third less than fell in the ten counties yielding the most. 
The more or less even distribution of rain over the growing season is 
therefore an important consideration where such a variety of crops is 
raised. 

In at least two respects the unusual amount of cloudiness near the 
windward shores of the lakes during the winter season, mentioned in 
Part IJ, has an important bearing on agriculture. One of these is the 
beneficial and protective influence on fruit trees over winter, as stated. 
Were it not for this cloudy, moist atmosphere injury would more often 
result, as it does in other sections, from drying out of the wood. Second, 
cloudiness prevents thawing of wheat and rye fields on winter days, 
which is injurious when followed by freezing at night. 

On the other hand the larger number of clear days over much of 
Michigan in the summer season, as compared with adjoining states, is 
a decided advantage to practically all crops, but especially to sugar 
beets and fruit, producing not only larger crops but of better quality. 

The direct bearing of wind velocity and direction on crops is slight 
and difficult to trace, but indirectly these elements play an important 
part as they largely influence the other atmospheric conditions. 
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The occurrence of peculiar phenomena, such as hail, tornadoes, tor- 
rential rains, etc., cause more or less destruction to crops. They are all 
local in character and hardly need be discussed here. The aggregate 
loss to farmers from these severe weather conditions is not large, but 
individual losses are sometimes heavy. 

Just a word should be added to the effect that the climate is not chang- 
ing, and therefore favorably or unfavorably affecting agriculture. Many 
persons seem to believe that the climate is different now than it was a 
half century ago, but a careful study of accurate records made for long 
periods shows no change in average conditions. Chart XVII was con- 
structed from records begun in 1863 at the Michigan Agricultural Col- 
lege, by Dr. R. C. Kedzie, and carried on by him for nearly forty years, 
with almost no interruption, and continued since his death by other 
observers. This chart shows irregular fluctuations from year to year, but 
no permanent change, or tendency to change in any direction. The 
average of any ten consecutive years’ records, during the period, either 
of rainfall or temperature, will be found to be about equal to that of 
any other period of the same length. 


SUMMARY. 


The purpose of this paper is to describe the climate of Michigan, and 
explain its peculiarities, and then to correlate the climate as described 
with the agriculture of the state. 

The influences which control climate are four, namely latitude, alti- 
tude, environmental conditions, and the location relative to the normal 
storm paths. 

The temperature decreases in this and other sections about one degree 
per one-hundred miles in distance away from the equator. A rise of 300 
feet in elevation causes a drop in temperature of about 1° F. The pres- 
ence of the Great Lakes causes marked differences in the climate of 
Michigan, as compared with other sections. The windward side of the 
lakes have a much more equable temperature, more snowfall and cloudi- 
ness in winter and more sunshine in summer, than interior regions. The 
fact that Michigan is in the direct path of cyclones and anti-cyclones 
results in frequent weather changes, more precipitation which is well 
distributed, and invigorating weather conditions generally. 

On the whole the climate of Michigan is not extreme in temperature, 
either in summer or winter, the rainfall is sufficient for most crops, the 
greater portion of the year’s supply falling during the growing season; 
the cloudiness is greater in winter and less in summer than in regions 
remote from the Great Lakes; the humidity is rather high throughout 
the year, especially on the lake shores; the prevailing winds are west- 
erly, often high on the lakes but decrease as they pass inland. Severe 
local phenomena such as hail, tornadoes, torrential rains, etc., occur 
infrequently. 

The usual cereal crops grown in the central valleys are raised in 
Michigan. Corn can be grown about as successfully in southern Michi- 
gan as in the “Corn Belt,’ but the seasons are often too short in the 
northern portion of the state to mature the crop. Wheat, oats, rye, 
barley, potatoes, beans, sugar beets, are all important crops, while many 
minor crops are also produced. There are localities where each seems 
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to find particularly favorable climatic conditions in the state, which has 
an unusually wide variation in climate. The “Fruit Belt” along the 
Lake Michigan coast is peculiarly adapted, as to climate for growing 
fruit on account of its cool springs, moderate summers with much 
sunshine, late falls and mild winters with much snow and cloudiness. 

The climate is not changing as shown by a study of over fifty years 
of records made at the Michigan Agricultural College. 
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The meteorological data used in this paper were extracted from pub- 
lications of the U. S. Weather Bureau, largely Climatological Reports, 
Michigan Section, also Bulletin “Q,’ Climatology of the United States, 
U. 8S. Weather Bureau, 1906. Figures on crop yields were taken from 
the Michigan Crop Report, 1915-1916, published by the Secretary of 
State, Lansing, Mich. 
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Chart X VIII.—Map showing location of meteorological observing stations in Michigan. 
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REPORT OF SECRETARY-MANAGER 


To the Members of the Executive Committee: 


From the reports received from different sources, it is very evident that the people of 
Michigan have come to realize the importance of the Michigan State Fair as one of great 
educational value. The past year has demonstrated that the support on the part of the 
State Government was a wise one and it is hoped that the unqualified endorsement of the 
people will warrant more liberal consideration in the future. The appropriation made 
by the 1915 legislature of $50,000.00 each year for the years 1915 and 1916, has been 
apportioned and this year the Michigan State Fair received $16,000.00, the same as in 
1915, for the payment of premiums offered to Michigan exhibitors and the same has been 
applied on premiums paid. In conversation with many of the Fair Secretaries I am sure 
that the members of the different Fair Boards throughout the State which have received 
State aid, endorse the action of the legislature in making such appropriation and feel 
very kindly toward securing a continuous appropriation at the next session. 

The receipts of our 1916 Fair, as shown by the Auditor’s Report, amount to $196,408.67. 
This is considerable in excess of the receipts in former years. Our expenditures for 1916 
amount to $153,996.61, which leaves us a net gain of $42,412.06, which is, I am sure, 
very gratifying to us all. 

The weather conditions during the full ten days of the Fair were ideal; only one after- 
noon and evening were we interferred with in any way by rain.. We were also fortunate 
in having no accidents. The Auditor’s Report together with the Report of the Superin- 
tendents of each Department will give in detail the history of the workings of our Fair. 


$150,000 Bonds: 


In accordance with the recommendation of your Secretary-Manager, which was approved 
at a special meeting of the Executive Committee held April 14th, 1916, that we make 
an additional bond issue of $150,000.00 for the purpose of making permanent improve- 
ments on the Grounds, I wish to report that a second mortgage bond issue made in 1915 
of $60,000.00 and sold to the Dime Savings Bank was taken up and there was issued 
$210,000.00 of second mortgage bonds dated May 1st, 1916, and falling due May Ist, 
1920, $60,000.00 of which was turned back to the Dime Savings Bank at a discount of 
VG which left us $150,000.00 of second mortgage bonds for sale, in accordance with your 
order. 

$25,000.00 of the $150,000.00 bond issue was sold to the American Savings Bank of 
Pontiac at par and the remaining $125,000.00 of bonds are still in our possession. During 
the year we have paid $10,000.00 of the bonds falling due and interest amounting to 
$15,150.00. There are-now outstanding $260,000.00 of bonds sold and $125,000.00 second 
mortgage bonds unsold, which is plainly set forth in the Auditor’s Report. 


Permanent Improvements: 


The Auditor’s Report will show the permanent improvements made, which cover the 
construction of a Woman’s Building, Art Building, New Entrance, Post Lighting System, 
Sidewalks, Stone Roads, enclosing the Machinery Hall and a Lodge for the Grounds 
Superintendent, the foundation of which was started in 1913, a total expenditure of 
$43,328.66. The balance of the cost of the permanent improvements made over the 
$15,000.00 of bonds issued was taken from our 1916 receipts. 

Soon after starting the construction of the buildings, it was discovered that owing to 
the high cost of material and scarcity of labor, it would be very difficult to go on with all 
of our improvements, 


Fire at Grounds: 

In regard to the destruction of the five speed barns and damage to Swine Barn K. by 
fire, which occurred at the Fair Grounds on Sunday, March 18th, 1916, I wish to report 
that we built three speed barns 30 x 240 feet each, with a capacity covering four of the 
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old barns at a cost of approximately $10,000.00 being the exact amount received from the 
insurance company. ‘The $375.00 received from the insurance company on damage to 
Swine Barn K. fully took care of the repairs to same. In addition to the permanent im- 
provements we have expended during the year $5,411.63, in repairs to our buildings and 
equipment which were much needed and leaves them in fairly good condition, leaving 
us more than a sufficient amount of money on hand to pay the $10,000.00 of bonds falling 
due May Ist, 1917, and interest on our total bond issue. 


Insurance: 


The buildings have been reinsured this year at a cost of $2,307.38. We also carry 
Employes’ Liability insurance with the Casualty Insurance Company of America at a 
cost of $236.94, an increase over last year of $154.54, which was caused on account of 
the extra men employed in the construction work. 


Auto Races: 


We had three days of Auto Races, May 28th and 30th and June 4th, the gross receipts 
of which amounted to $8,339.50. On July 4th we had Ford auto races, the gross receipts 
of which were $2,156.90. During the year on June 11th, July 9th and August 13th we 
leased the track to the Interstate Racing Association of Toledo, Ohio, for $400.00 per meet. 

It has been the custom of the Greenfield officers to charge us $25.00 per day for a town- 
ship fee for races on our tracks, which has been paid by our Society in former years. When 
they confronted us with a bill this year, I paid the first one under protest and took the 
matter up with the Attorney General, who gave it as his opinion that we were not subject 
to any township taxes for the operation of our races and I so notified the township officers, 
since which time this tax has not been imposed upon us. 


Rental of Buildings: 


We received from the rental of Buildings during the year $15,896.50. We now have 
contracts with the Studebaker Corporation, Maxwell Motor Car Company, Hupmobile 
Company and the Dodge Bros. Auto Company, covering six months from October 15th, 
1916, to April 15th, 1917, for a trifle over $11,000.00. We are storing a few cars for the 
Reo-Mitchell and have space for from 400 to 500 cars, which no doubt will be occupied 
at least a part of the season, in addition to the leases which are in effect being extended 
after April 15th, as they were last spring. 


Old Miil: 


During the year we madea contract with the Welcher Construction Company, covering 
a period of ten years for the construction of an Old Mill at a cost to that company of about 
$16,000.00, we to receive 20% of the gross receipts, which this year netted us $807.38. 


STATE EXHIBITS 


The following named State Departments made exhibits at our 1916 Fair, which were 
very creditable and interesting to the public in general. 


Michigan Fish Commission: 


The Fish Exhibit under the supervision of State Superintendent Bower, was held under 
the west side of the Grand Stand and was far superior to that held in the same place last 
year. 


Michigan State Prison: 


The Jackson prison exhibit was placed in the Machinery Hall and was certainly interest- 
ing in an educational way to our visitors. Much credit is due Warden Simpson for the 
judicial, painstaking and conscientious work done along this line in behalf of our penal 
institution. It goes to show that when the proper method is applied in the handling of 
any of the State institutions, there is a great opportunity for improvement over the old 
system, and I am sure it was a means of imparting valuable information to the people 
of our State concerning prison life. This exhibit is worthy of special mention. 
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State Board of Health: 


The State Board of Health, under the direction of Dr. John L. Burkhart, made a splendid 
exhibit and imparted valuable information to our visitors. 


State Highway Commission: 


The State Highway Commission in connection with the Engineering Department of 
the University of Michigan, made a very interesting exhibit, not only showing the develop- 
ment in the building up of our roads throughout the State, but an exhibit showing the 
ingredients used in their construction. 


State Dairy and Food Department: 


The State Dairy and Food Department took charge of our Dairy exhibit and held their 
quarterly inspection of butter and cheese. Although the exhibit was light, it was worthy 
of special mention. 

If the State could be induced to construct a building of sufficient size to take care of 
all of the State exhibits, I am sure a much better showing would be made, as we were handi- 
capped this year by not having room enough to properly house the State Departments, 
which favored us with an exhibit. A great many of the State Departments would be 
inclined to make exhibits at the Fair if a suitable building was built for their convenience 
and I feel certain that the legislature would give consideration to the appropriation of 
Se Oey to cover the cost of a Michigan exhibit building, if the matter was properly 
presented. 


DEPARTMENTAL EXHIBITS 
Horses: 


The Horse Department, although handicapped to some extent on account of the 
threatened railroad strike, was given credit for having a much better and larger exhibit 
than ever before. ‘There were more horses entered in this Department than we were 
able to care for in our exhibit barns and the overflow was housed in the old Poultry building 
and such exhibitors were not charged for stall rent. 


Cattle, Sheep and Swine: 


The Cattle, Sheep and Swine Departments sufferedesomewhat in the same manner 
as the Horse Department, on account of the threatened strike. ‘The barns were full and 
the exhibit was good, with the exception of the Dairy class. For some reason the breeders 
of Michigan do not give as much attention to the exhibit of Dairy breeds at our Fair. 
Interest might be stimulated in this particular department if the National Dairy Show 
was located in Detroit. We had a fine exhibit of sheep and also of swine and the exhibitors 
seemed well pleased with the treatment they received. 


Poultry: 


The poultry exhibit was lighter than last year, caused by changing the premium list 
somewhat and cutting out the hucksters, but we really had more exhibitors, although a 
less number of birds than in 1915, nevertheless, this exhibit was very interesting. 


Farm Products: 


The Farm Products in the Agricultural Building was a much better show than in 1915. 
Taking into consideration the dryness of the season we had an exceptionally good exhibit. 


Fruits, Plants and Flowers: 


The Fruits certainly made a fine display and although the weather conditions during 
the season were not ideal for the growing of Fruits, caused by the continued drought, we 
had a very good show. The Plant and Flower exhibit was very light and the dry season 
prevented many of our old exhibitors from showing. 


Machinery, Implements and Vehicles: 


This exhibit was very interesting this year. Several tractor exhibits helped to make 
up the show and as a whole it was very creditable. The exhibit in the Building was con- 
siderably better than ever before. 
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Dairy, Domestic and Apiary: 


In the Dairy Department the rearrangement of the Building, the construction of the 
_ fountain in the center and the moving of the ice box to the north end of the building gave 
a very attractive appearance and the exhibitors seemed to be well pleased with the changes 
made. The space was all sold several weeks before the Fair opened, although the rate 
was increased over 1915 from 15 cents to 25 cents per square foot. 

In the Domestic Department, we had a very good exhibit in the way of food stuff and 
canned fruit and from what can be learned from the exhibitors and visitors at the Fair 
we will have a much larger exhibit next year. 

In the Apiary 2s we had but one exhibitor this year, although we increased 
the premiums more than 100%. This was due largely to the drought during the summer 
and also to the death of Mr. ‘Nichols, who has oe the largest and best exhibitor in the 
Apiary Department for many years past. 


Needlework: 


The Needlework exhibit was exceptionally good, although we were late in getting the 
upper floor of the Woman’s Building ready for its occupancy. However, another year 
will see the finest needlework exhibit ever show in Michigan. 


Handicraft and Fine Arts: 


This was shown in our new Art Building and although this building was completed 
after the opening of the Fair, it was a point of much interest and found many admirers. 
J am sure these two buildings have had more to do with the increased interest of the women 
of Michigan in the Michigan State Fair and brought us in closer touch with the home than 
any other work we have attempted. 


Educational Department: 


The Educational Department was placed on the upper floor of the Administration 
Building and although somewhat short of room was very creditably arranged and had 
many visitors. 


Boys’ State Fair School: 


The Boys’ State Fair School was of unusual interest and I am sure is good advertising 
for the Michigan State Fair throughout the State, as it gets us in close touch with at least 
one home in every County in Michigan. 


Physical Educational Departmen: 


We held a Body-Building Contest covering a period of six months from March Ist to 
September Ist, 1916, in which we had 47 contestants. 

We also held a Physique Beautiful Contest in which there were 4 contestants. We 
believe these are the first contests of this kind ever inaugurated at Fairs and think it will 
tend to create a spirit of physical evolution and more sanitary conditions, which cannot 
fail to be of great benefit to the people of our State. 

We also had contests for boys and girls, which met with considerable favor, and in all, 
the Physical Educational Department is, I believe, a step in the right direction to en- 
courage at Fairs. _ 


Better Babies’ Contest and Childs Welfare: 


This was held on the first floor of the new Woman’s Building and was a point of more 
than usual interest to all visitors of the Fair. This building with its accommodations 
was especially appreciated by the Women and Children of the State and next year will 
see greater interest in this Department because the building will be entirely finished. 
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SUMMARY OF AMOUNTS OF PREMIUMS OFFERED AND PAID 


Premiums, 
Cups, 
Ribbons 
and Purses Premiums Paid 
Departments Offered In Mich. Out Mich. 
Horses: 
STCCCU Sr AA Se ctara ease eee rate alan oA eterd $4,746 00 $2,165 00 $1,038 00 
SEL GT SEW SEO Wrsan orataleaeccnere siclstele. <casyeielstitermieeel are 2 4,790 00 2,840 00 1,720 00 
Speed Department.... TS SOOLOO tie siatepansvs av bass anaes 
GATES sree bears erdiee ake sh 8,292 50 4,423 50 1,693 50 
SHES Mier osha ei at ches af avails aislecei oa aun 3 3,600 00 878 00 2,216 00 
SSUVRET Eee t arate eed meres ee coc eeaital eats 3,218 00 1,197 25 1,162 00 
Poultry, Pigeons, Pet Stock 2,492 00 1,077 50 
amp eCOGUICES:,. crt visle.cin stateless ge oO 2,110 00 
PAC ET Ys tscva creer tener ocePet te eke sate ars ZHAO Oia acento: 
TOT HUT ASIE RS ce ENAY Ser TON peat SS ON ARTAY SRR Nr Pes a re eee BAKE) PAs: 1,925 00 
Plants Ande lOWeLSh.. ne ssoeeree Coenen haere ate 1,217 00 545 00 
Dairy OMIeSTIC, AIPLAN Vic) eave yeacrs sealer ol che eno 1,733 50 753 00 
ING ro NES oy kat eee Sc AG ene meg mot eae Ne 730 00 ais) Va) 
Handicrattand HimevArtsie. 5... cc a4 «fo oe see ae 474 50 427 00 
IC RIM OMAN Scr cas ara Ganlarec wake petouen Gaee Ie. Seteato, aya anaes 1 Lve 50 673 25 
BOA, StatesHair School «mcs tyectsers omer 1,292 95 1,292 95 
IBEETCEM BE ADIES ina aloes cenetemenenetnn Re Eeastee 107 00 91 17 
eae Aboqiehh \Grokiy deiqeaoni hls an bi 6 eee $38,373 95 $20,733 87 $7,829 50 
EA iitckulaulictenstetalete al'ciicls) oie) cle ete, akel einistie etches valet eittatalin ot L cl olelsietckeuctsiol oralisiseptelsie lots ts mill olcleislialelisielsin 
RTD DONS As ye haer: sels at cca eke ae totes ele ee AGO! (25.0. Swceae cecal eater eiereee te 
Clipe ESR SAR Oa OIE ae eee Tee S97 OO. oan eee! em Seok aie enrages 
Grand Lopate cas cores $53,531.20) eed past | odes sree 
HORSE DEPARTMENT 
Amount of Premiums Offered and Paid 
Breeding Classes 
Total 
No. Entries Premiums Premiums Paid 
Classes In Mich. Out Mich. Offered In Mich. Out Mich. 
Standard BRC. 2-:o.s cracks crests < 29 2 $460 00 $289 00 $4 00 
PVAGITE Viet ao ate an a nee oicto oirerehes 19 9 436 00 107 00 52 00 
IPSTEHETOUR cc torsrestaee oe eh 31 31 620 00 345 00 173 00 
@Wivdesdale . Loe. aio Ga wis ereps Giese 33 AZ 620 00 409 00 157 00 
BN CHAT SHITe a eve ae toe 2 2 620 00 40 00 25 00 
Clo an meses oil hateisisl oie eens 34 28 620 00 400 00 183 00 
Wielshy Ponies shins hao eiede 3 ile 2605-00'Fs atecoteh ie 105 00 
SHEL ANG a OUIES arnt cre tebe re aa ete 22 55 515 00 113 00 300 00 
Heavy Draft Mares and Geldings. 72 18 350 00 337 00 39 00 
DaAcks andeMailles=-s—5 5 oe alot ors 11 me 240 00 U25 OOM Se. sere 
EROLAIR sapere a Cees 256 174 $4,746 00 $2,165 00 $1,038 00 
HORSE DEPARTMENT 
Amount of Premiums Offered and Paid 
Horse Show 
Total 
No. Entries Premiums Premiums Paid 
Classes In Mich, Out Mich. Offered In Mich. Out Mich. 
ROSUSEOTME -) crc <p anecrena: haters 21 33 $350 00 $250 00 $50 00 
Pina pout Clasg ic. sciatic cine 33 4 190 00 110 00 80 00 
EVATMESS) TLOLSES! cies ese seers cletone 39 14 800 00 535 00 210 00 
GIPAHIOTSESeese os ie oicie cleo eens 8 4 100 00 70 00 30 00 
WAGICHUGIASS As. 1. tre.cyrestavzvcch ciahans 6 6 270 00 25 00 205 00 
Four-in-Hand and Tandems..... 2 5 260 00 20 00 205 00 
Championship Harness......... 2 1 50 00 SOMOO ee eis ante 
SaddlesFOrmsesir tics. oye» jose ats Ge 105 47 1,075 00 580 00 510 00 
Shetland Pomlese.. onccce +s oes 30 33 220 00 65 00 150 00 
NVEISL SS POmlesien vic. avis 6 oo 5 2 8 105 00 10 00 85 00 


Total 
Premiums 
Paid 


$3 , 203 
4,560 


$37 ,013 
2,111 


Total 
Premiums 
Paid 


Total 
Premiums 
Paid 
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Total Total 
No. Entries Premiums Premiums Paid Premiums 
In Mich. Out Mich. Offered In Mich. Out Mich. Paid 
Ponies other than Shetland to 
PV ATNOCSS cyetese et toncie wine eae ete 6 18 $220 00 $35 00 $195 00 $230 00 
Police Mlountecen. cites ca 1 ac 200 00 200,00! oh ee 200 00 
Heavy s Delivery. tiie. cee oe YAU UE 0 POMC ict Si ccc 
Hunters and Jumpers........... 111 750 00 87000) -\ecevereeers 870 00 
Horse Show Total....... 366 143 $4,790 00 $2,840 00 $1,720 00 $4,560 00 
Breeding: Wilassess a. | 2.) one oe 256 174 4,746 00 2,165 00 1,038 00 3,203 00 
25% to Michigan Exhibitors..... oe Ae TOC ay meorbatirk yhoo cteiD a ora sare 521 25 
IRiDDOns a boa eka 6 SP aot © «ba apageo nny Mate eee Cee Nee 167 04 
CUDSNINSE ee Sa toe tan ee aur’: 17600: Sei cS eee 154 00 
Speed Department............. 294 13,800 00! On Aladeitetel eo ee eee 8,450 00 
Grand {Total cscene oe 916 317 $23,512 00 $5,005 00 $2,758 00 $17,055 29 
Speed Department 
pee No. Amt. Amt. 
of Class of Purse Amt. Entry Net 
Ewiies “Starters Offered Paid Fee Cost 
Trotting Collected 
25 5 DO Bits: clic tetala Galeteks aera Mee ees $1,000 00 $720 00 $270 00 $530 00 
22 10 LOR tA tease ain Neetne oa Oe 1,000 00 720 00 270 00 530 00 
i. PM ECLATCUNOL. 320A en oes Saas tars a 1,000 00) sb ..4. 05 Velbidels ce cate eee 
8 Declared off 2:18'3 yearsiold />.........:.. GOO'00) iiss cag + acl etesdie eee ee 
15 g DirBOor; cacepcie,w cuateiaine oeharesereive aie 600 00 480 00 270 00 210 00 
17 10 221 ie oh, cook, Shel eee ae eld cote eaecee aie 600 00 480 00 210 00 270 00 
15 5 ee Dita iaraten Marerstel ares elatees ores 600 00 480 00 150 00 330 00 
19 8 SASL Bisitm ceceanceetone of shetonets everclear 600 00 480 00 210 00 270 00 
21 14 DDI Alia exc Satay etn ea oy cies AOE 600 00 480 00 420 00 60 00 
aa. Declaredtoff, (2 0rt ae mes ae eye eine GOOKOO Maree Pf Bar, OE Oe o +) eeshevigsyateeene 
Pacing 
21 8 SD e rec aha cause stile? Gor oreatee ns ence 1,000 00 720 00 300 00 500 00 
19 i QS Rite chee are OLS ae coe tetas cae 1,000 00 720 00 270 00 530 00 
13 4 DMD rorctehere oxersrerer eta reiey teens ecto 1,000 00 720 00 150 00 650 00 
18 6 PA TOE Rae HOE dt A Ie ens eee nen ee 600 00 480 00 180 00 300 00 
14 4 Me att rWava late aligtieds aie onnatateke aie 600 00 480 00 120 00 360 00 
aot SD eClarcdyOf a2 LO! Mh aarmatcin nes Clana ane GOO OO 6 sie cceceesie tes sos siege ceotekel antenna 
20 12 PUG ere nctlagal stone hipelat saves etceere 600 00 480 00 360 00 120 00 
17 7 DELO Aaa lets og, tnd holoveneeatecene Oe 600 00 480 00 180 00 300 00 
23 uf PAP ARO ICRC T OCHRE CER ORT OCREE 600 00 480 00 240 00 240 00 
294 STRODAIS EN cceisis4.0 ere ooh $13,800 00 $8,400 00 $3,600 00 $5,200 00 
1915 Purse to C. M. Williams paid in 1916 50 00 
CATTLE DEPARTMENT 
Amount of Premiums Offered and Paid 
Total Total 
No. Entries Premiums Premiums Pald Premiums 
Classes In Mich. Out Mich. Offered In Mich. Out Mich, Paid 
SHOrthOrusay sree eect eee 118 38 $1,208 50 $673 50 $308 50 $982 00 
Rolled Dirhams. ceric 70 25 671 00 278 00 223 00 501 00 
FFE ELOL GS Se 1.88 eo hae eno 52 23 671 00 266 00 233 00 499 00 
Aberdeen Angussiecccccnecase. ore ie ee 671 00 446 00 > ai oee ee 446 00 
Gallows: ocieon or erties ohne Rtas 36 GESMOOE Mevceyieh ete 233 00 233 00 
Rede Polled As, ceed cele pees a 34 35 671 00 295 00 231 00 526 00 
NOTBOY cc se vectra csionte ine eure 43 Ares 655 00 379 00 nakeae 379 00 
GUUICINSEY:..; See ee nee 67 ee 657 00 518 00 ae 518 00 
Holstein-Friesian...........,... 33 site 671 00 SL: OOL- sev eens 315 00 
PASV ESTE Wve reyes ate sobre cyclone conte 45 32 657 00 336 00 219 00 555 00 
SLOWS WINS cies caer erse once mite 52 29 607 00 283 00 236 00 519 00 
DuLccheBelted och... ae. eich en ie 19 Sistas .avete rege causes 234.100 5.2 ica sie 234 00 
vay COWSSE tr ee spches eee 4 1 100 00 100 00 10 00 110 00 
gE TAS Ke 1s Ae OSS Bighhe Che One Be 14 SAbe 260 00 170 00 Seta eee 170 00 
Herdsman’sispecials.. i. 2s 2 oe. s. 5 1 _ 30 00 30) 00! S283 neee d 30 00 
Michigan State Fair Special... .. 1 100 00 100° 00: ec1a oeaea 100 00 
TL Otalie iste tore vancrsr cet 634 220 $8,292 50 $4,423 50 $1,693 50 $6,117 00 
2878. is o Michigan Exhibitors..... Shes disleteg”  steatattane Sa ed eee eee ye forlots tale tetete ,073 36 
RID DOUS 7%) cto tron ae ohooh ones Be cts REET: tee CONC Py ONO 55 59 
ince aisha euetaia ate ate Saheiana whe ofeeeninene e Rete 251,00: \) vaterticise eae le ee oe 198 00 
Grand etotale semen: 634 220 $8,523 50 $4,423 50 $1,693 50 $7,443 95 
Refund made by American Short Horn Breeders Association...............+-. 407 08 
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SHEEP DEPARTMENT 
Amount of Premiums Offered and Paid 
Total 
No. Entries Premiums Premiums Paid 

Classes In Mich. Out Mich. Offered In Mich. Out Mich. 

SHrOpSHITE so «cence ceeeeras ous oats = 21 21 $270 00 $93 00 $138 00 
ampshnires Scheie, cee es 54 41 270 00 77 00 191 00 
OxfordeDowns owe oceans 48 27 270 00 107 00 131 00 
HOU DOWMNS coi pers iclcesialins eer = 56 34 270 00 8 00 217 00 
EXORTEUuIDOTSEUS EIA ae oe cic seleheaeve 25 72 270 00 263 00 170 00 
PUN TURRIS ret ater esens ¢, ates asics SIS ois ea as Rieke 32 PHAUKO Ve Seay ceateaacic 114 00 
@GHEVIOUSS 2 cw fats estes aia ols es alesis 29 61 270 00 131 00 217 00 
(Grouitsyy0) toe ao rec enGn CORIO Om. 29 49 270 00 23 00 226 00 
MRGIC ESC In ea enrettsnerci ree ee wie eke a a0 32 270 00 30 00 197 00 
NGITCOMME Rete citaicis te rare ata sia ees 18 66 270 00 7 00 221 00 
IDB Ha ulnOn Aes Amos sdaoeac 51 54 270 00 118 00 143 00 
SAIMIerICANVLCTINO) 1451p cielo =) 42 60 270 00 93 00 162 00 
VAM DOMMES = eraceewssue so ates nie els 48 32 270 00 162 00 89 00 
TORY AIS) 812%) 08 Ha Sie cig eens Csteoroa Nor ORT 36 3 90 00 66°00) .Saeeets 
Totaleere eet ae A487 584 $3,600 00 $878 00 $2,216 00 

25% to Michigan Exhibitors..... ec BDI MMO CRU: smote coc Mipcemnicd enc 
TRU DOUISE oaccce is aver ove ielotel svn ea sieueene Ses ie Ay tym: SE DPR eae SIRE Pet cca AS itn sits 
(CHES tom eotE a Sm o car mcarae Mote sae DAS TOON cen seracieh eeluede ites 
Grand: Rotalsem. amend 487 584 $279 00 $878 00 $2,216 00 


SWINE DEPARTMENT 


Amount of Premiums Offered and Paid 


Total 
No. Entries Premiums Premiums Paid 
Classes In Mich. Out Mich. Offered In Mich. Out Mich. 
IBGRISGIIEC tr tare eral de cities Bi ekerarse 67 20 $352 00 $126 00 $126 00 
IPOVANGeGInaers saiescteleies eile fiers oe 65 32 352 00 125 00 153 00 
ATMO SIEGE seek lochs ooo cine ore 55 34 352 00 125 00 153 00 
Victoria and Small Yorkshire..... 29 sate 352 00 203: 00)* Scenes 
Ghesferswihite a. vst. seme we hones 101 33 352 00 152 00 141 00 
VALE CaVOLKSHITG: « tits saws cers = wise 21 19 352 00 30,00) = sca: 
VERT ELOO fees rte react seek octet 50 56 352 00 74 00 278 00 
WD TITOCREESEY. ct shot ot ckekeke’ <= aio ha-a atere 98 84 352 00 231 00 121 00 
FRARMIW.OEL == kos oystaraceics eo iais: Sasows.e' 28 32 352 00 101 25 190 00 
WAL PLLOR SAD. cia sieitoreysiecgiens. sie acs <ysce 8 ee 50 00 30:00) |. citer 
Rota are eee ee ep tehatrs 522 310 $3,218 00 $1,197 25 $1,162 00 
25% to Michigan Exhibitors..... merate See Cee. ae Orr Chere Te eae 
TRU DONS Scr erscete scorns hacia on eiey olin orwa anacais Ste eye EN ne, En aaeTap Tia) Ret ese ae 
(Citi oh Se a ee oma cee cin eraer an aus G2) OO! SiGe sae be ter eittene ae 
GrandsTotalo cc. + esc. 522 310 $3,380 00 $1,197 25 $1,165 00 
POULTRY DEPARTMENT 
Amount of Premiums Offered and Paid 
Total 
No. Premiums 
Classes Entries Offered 
TPOVLEBY 7 2 cron caters cit rod anc ome ie oe arate att asiel ek, cialis sree ai cjareheret one 568 $1,176 00 
PS ARGAINIS: Acie Sia crane oh tacpenaat ohege eae et oanictin ete aro cie iets (o's: onoeveye eis lenatevera 149 372 00 
Ornamental -Mowilsias.toictectatciete ole ators Sarat aelcteielaicrs)2 wictels eaten 6 24 00 
ARIRK EV. As GCSE AID UGS cys ale pictus cleleeie che Scien e rieteiels ete's hein siaeene 96 346 00 
IPB CONSE ie ca, crave a het nies Sete aah even sie, os wee ehans Sua ieee te lv, cvatla Sie ote Slee 6 255 244 00 
AMER SO AU ACS aio teccray oo ere eto eevopetoneva aoeeic ie aie exer nie petne elses Tolevelel wisrelows 119 330 00 
Tire gh RRR NR, Ch eS Hee RD Shasta ts 7. 2) 1193 $2,492 00 


15%) 6) ofa es Sst a ee Benn, on Rein eA atin e ear. chee aera hey mene earns 
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Total 


Premiums 


Paid 
$231 
268 
238 
225 


Total 


Premiums 


Paid 


297 


$2 ,834 


Total 


Paid 


$525 
145 
5 
132 
160 
109 


$1,077 
15 


Premiums 


50 
00 
50 
50 
00 
00 


50 


5 55 


$1,233 


05 
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FARM PRODUCTS 


Amount of Premiums Offered and Paid 


Total 
No. Premiums 
Entries Offered 
Grains‘and Seedss si4.i565....qlha et eR ee eae eee ee 150 $348 00 
PoragedPlants ss i )cr mek ics ease ee ee ee 49 153 00 
COT PRES Se Se at otto a ees eT: 162 308 00 
Rootsand Vegetables). 3c,3o3. cee cc crsee See eee ne 663 1,413 75 
SPECIAL Ps 5S SG Rtas setae Mere ce a arse eee eee eee eae inference eee 
Totaley 357 $0 cae Se ee ee ee, 1024 $2,222 75 
CUS ey sieht ghee woke gore to eed ee ee Ae eee 33 00 
RIDD ODS) 1.555 AEA, cecal 530,55 MS Anat on EN CARE > ae RAI rr iG wy tty ie Came 
Grand otal .c.8 Seer ccs ee ee PAO ere eas 1024 $2,255 75 
PLANTS AND FLOWERS 
Amount of Premiums Offered and Paid 
Total 
No. Premiums 
Classes . Entries Offered 
Plants dn VROts sos cd, ae cere ian en A ee 9 $331 00 
PlantsanBoxes;andsBaskets + + nes eke ont ace ee ae eee 2 53 00 
CutshlowersmProfessional)pen amon nace ae ene 13 521 00 
Plants {CAMALeuL) ier s ert ae Me he i ee ee 6 97 00 
CutHlowerss(Amatenn): ae eck acer ae eae eran 5 72 00 
Private Gardenersionly..s ace n came en ee ee Sranete 143 00 
Total ahi Seek Oe Cen en ae eee 35 $1,217 00 
FRUITS 
Amount of Premiums Offered and Paid 
Total 
No. Premiums 
Classes Entries Offered 
Special County Mxhibitre.-y eres coe ao ee ee ee eee 10 $1,049 00 
Sine le Plates: cae eae sence bela RIE ond WORE aaa 1573 583 25 
EXHIDIGION BOXES, cicers Se Sires bcseuc oA TOO: TA nee 408 627 00 
Total satiate. lopecarete nh eee Ce OR Pee ee eee 1981 $2,259 25 
1915 Premiums paid in 1916: 
James Billings $102 65 
Geo. Hawley 47 40 
DAIRY, DOMESTIC AND APIARY 
Amount of Premiums Offered and Paid 
Total 
No. Premiums 
Classes Entries Offered 
BULGES hic Sa ccd sererese bie a ote. sodig ele eC ocala) sO ee ae ea 37 $416 00 
OUST Cae yk ERY Seana A. Are OOo aie ae ph ee ll pO RAEN Sek 7 240 00 
Bi G1 oa Py Sera eens eee eer eats Hires HIM. Ae eee ed Sch hotter A mara ae 8 40 00 
Milking Contes ticcc: ¥ b nativs seabitcbocrae Cater re ee ee ees 32 50 
Bread iCalkkes and UBieg tS wegercra ie aioss <icieeeret ee Oe ee nO 169 BB) 74a) 
124006 (0 | iis Faq eR Res oie ae eRe CRP NCD SIGN THe GB elo hoo 6 14 42 00 
Salads. see ee es, eared I eee ee ee 39 42 00 
Canned Fruits'and Mesetablesins....... cnase nance Oe eee 61 42 00 
Preserves; Jams; sellies and Pickles si 2 cies ore lees 260 132575 
WAS eo aire pas sees, Rage ae eo eee heater ee ee eye Re eee 15 17 50 
ASD ATV Ge ne 35 Joon io cv eka RESCUE TOPS Tse. Sle aces She Sleaenn ce AERO ERIE 8 595 00 
TOtah so ycrae Caw a ee Tea oo. SRO anced nora Tete Sey Men aie 622 $1,733 50 
6) 55 0): Meh tea eee Rae: rae Se ah Reger mmr mes. oc Gidlar oy a Baas 00 
Grand“Lotal,. <u. Aone cence ee eee ET eras 622 $1,742 50 


Total 
Premiums 
Paid 
$338 00 
150 00 
283 50 
978 50 
360 00 


$2,110 00 
11 00 
2 00 


$2,123 00 


Total 
Premiums 
Paid 
$193 00 


aT 


$545 00 


Total 
Premiums 
Paid 
$879 00 
493 00 
553 00 


$1,925 00 


$150 05 


Total 
Premiums 
Paid 
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NEEDLEWORK DEPARTMENT 


Amount of Premiums Offered and Paid 


Total Total 
No. Premiums Premiums 

Classes Entries Offered Paid 
Ladies’ Underwear and Dress Accessories..................0%-- 65 $116 25 $39 OO 
Babynwieal—Hmbrorderedin. pnw sie. celtics Miosisenes son oie onc aelene 90 86 00 7 00 
Household Articles and Home Decoration. .-................... 194 196 25 83 75 
HandeCrocheted. Or hMtleGWATbGlES® = ei ose a ecc ties f oceedn a eer 100 145 25 68 00 
Bapyew ear——Crocheted)...\ oer chile fa dcie Dee ee woe Oe 40 67 25 2 00 
Macon akin a teeter era eit ohm tenet cen hat 4 oak Agcy sw A onl es 80 pip) 45 26 50 
DrawiyWOLkwandeHayalmWierVvanpe <.:. << cred oe Set en gee eke ores 22 31 00 19 50 
COTS Sec ciQ AO 9 Aug Bea Re Oe oer OES te Ee Ph eee Tee ene a ee 20 30 75 27 00 
LAID NORULES ES Biats a, aeOG once hee ORCL Ga ROT ie Coin oe En nee 85 9 00 45 00 
SUE SEA REC OLLICLES ha matter ictc, ane ate ere oe oe el ee 26 25 50 17 50 
MICOS EN We tek unis See: Cub cic oacliee A Ae Oe CER Ree 722 $730 50 $335 25 

HANDICRAFT AND FINE ARTS 
Amount of Premiums Offered and Paid 
Total Total 
No. Premiums Premiums 

Classes Entries Offered Paid 
Chinas ECORALIONE sa. Be ml hitherto eite ck ine eee ere ite 149 $162 50 $150 00 
BASKOER VAI a rcrac, si ote tea RIO een ieee LL De aon a 11 00 8 00 
WOOdE@arvan emer th. ot teh ire ae eae tees RI Ge eee 5 23 50 8 00 
VINE Het NGO Lene te gee he ert, eke ee LA eens ae en, Se ea ee 26 22 00 32 00 
Clava Modeling es Uses ae sins Gnseber ts Sear ie ets re ee ee A oe Mate 26. OO% 23 tae 
OnipinaleMesionun Outline: or Color... seeia. soe ee eo 13 26 50 16 00 
UNG EHOTDCCOLALLOMEy wr tera cence tai ee ee ey ee aloes tess 5 23 50 13 00 
LELTCOY OVER 0) OS Sina ere eons cay ee, art AW eee OE A Ee OLE i de 8 30 00 29 00 
BNO VCLOLES Saye cee ie Seta ph Nive Ceri oh te aed Ie et a eae Etec een 27 6 00 7 00 
Pamtines——OilrandsWater © Olorse. eee ae eee eee 124 109 00 129 50 
Student Sework—Oil- and Water Colors. 9) on ose oe eee nk 24 34 50 14 00 
IASC eer ME ere eae eee ean ee oe Re Ace eee, ae hus Ee ZO Bcc 20 50 
"WhO Cal laiy the pated sc <i ae ne io he ieee RS cE TOR Pe ee 408 $474 50 $427 00 


EDUCATIONAL, INCLUDING BOYS’ STATE FAIR SCHOOL 


Amount of Premiums Offered and Paid 


Total Total 
No. Premiums Premiums 

Classes Entries Offered Paid 
COUNT VANOLM GIP ie eR eee te te Nee hn ASRS asia bP SY 9 Ne crear 
EIS CHO WOT Kee cise emir eee ele ioc oh ete uo irereece 59 121 00 $55 00 
Gea Ia G TAA Cte peaece op ha ese, Race es OTe Ne SEIS sels tO ae Rue 167 158 00 105 25 
Ipermediater Grad esa wen meee te eGo Sree et Ac Gees canis Sucre Vemeacnsyo¥d lee 104 152 00 105 75 
(ARUN A LY? GEAGCS kets Ieusctat aia orto sed cronies incl ued Nee eG trayete one 119 64 50 53 25 
SING CLE AEE CI ac acesaronett Noga aie ELS a OCIE a eute ie eronlis Eeialieacionele 21 15 75 9 75 
TM Eig UCU MS BriPeh el bette oe Saco ts MoM MG ete eee ain a Al Ay a ? iTS- 191 75 108 00 
PATI CUI MGCL Actas ot Nae A ae eae ic ROT che eS eee MA 1 enn ge tie Be 32 49 50 22 50 
VHB YEG Sel nail Rig 2 Seas oats Ste onteet pene ongl E-aia sak ME NEIELOR ear nota oF aici aS 63 125 50 Cal eA 
IS EICE AS CHOOIS Hearree tare mies craee oi tens ere cae irate eee ee ee 150 174 00 142 00 
ZR Ota ey. jaa i ee es A kt ND ee Ome SP oa, eS 830 $1,173 50 $673 25 
ExpenseiBoys StateshiginisGHOOl. 5 os. oe 1 ee el ere a elasins oe hate De apo 1,292 95 
(CU 0): enter tie tt Rn Mian ee TE TNS ae tree 8 Ate A a Fe DTAOOG Aisha sate ere 
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BETTER BABIES CONTEST 


Amount of Premiums Offered and Paid 


No. Sterling Total Total No. 
Classes Entries Silver Offered Awarded 
Babies from Rural Districts and Towns of 1000 population 
OFTIESS Sits Ati Sean tees a Le ee eA er 9 Cup 4 2 
Napkin Ring 4 1 
E Spoon 4 1 
Babies from Cities and Towns of 10090 and less than 
10:;000-Population: 222). 5,ce case en eens 6 Cup 4 4 
Napkin Ring 4 2 
Spoon 4 
Babies from Cities of over 10,000 population........... 50 Cup 4 4 
Napkin Ring 4 8 
, Spoon 4. 9 
Sterling Silver Cups WACOZ aretha. et: nate eel ron emt he, sie arr ae $68 00 $56 67 
Sterling Silver Rings UG Koy 4a: ) aon ior Ce Rane pote ime Nannie Mae aa na baer ether 24 00 22 00 
Sterling Silver Spoons eld OZ eabr oie cri cceeu.c ees aces nee | eae ener rere 15 00 12 50 
: RODE Se mte va ore, Seater a ce ets cles te, Ole Fg HERR AN eee ae ce Oe $107 00 $91 17 
1541110) 019) 0 ae aR a AE Siem ee ey Sere MRS LMR shit diana oO ew OOo a ane 7 20 
Grand~Totalc «eis aia so op ha ooo tee ed le we aS eset er tet eee $98 37 


AUDIT AND EXAMINATION 
December 1, 1916. 


Michigan State Agricultural Society, Detroit, Michigan, 


Dear Sirs:—We have completed an audit and examination of your books and records 
for the period from December 1, 1915, to November 30, 1916, and submit herewith our 
report, together with the following exhibits and their supporting schedules. 


Exhibit A—Balance Sheet. 

Exhibit B—Statement of Revenues and Expenses. 
Exhibit C—Comparative Statement of Revenues and Expenses—Condensed. 
Schedule 1—Accounts Receivable. 

Schedule 2—Suspensions—Speed Department. 

Schedule 3—Comparative Statement of Plant Accounts. 
Schedule 4—Sundry Accounts Payable. 

Schedule 5—Deposits on 1917 Contracts. 

Schedule 6—Miscellaneous Revenues. 

Schedule 7—Administrative Expense. 

Schedule 7A—Special Expense. 

Schedule 8—Operating Expense. 

Schedule 8A—Miscellaneous Operating Expense. 
Schedule 9—Departmental Expense. 


All reported cash receipts, as taken from the duplicate slips of the receipt book, were 
properly recorded and accounted for. 

The bank account was reconciled every month. All disbursements were made by 
check, duly supported by properly approved vouchers. 

Several of the old accounts receivable were charged off as bad debts. We believe, 
that some of the accounts still listed in Schedule 1 are of doubtful character, and we 
recommend that a sufficient reserve be set up which will approximate the probable losses. 

The values of fixed assets are shown in the balance sheet as exhibited by the books. 
These assets, other than those acquired during the period covered, are subject to revalua- 
tion by appraisal. aoe 

The liabilities as set forth in the balance sheet represent all the ascertainable obligations 
of the Society at this time. ; 

In addition to our usual duties pertaining to accounting, our work also covers an audit 
of the gate receipts and the verification of space allotted to the concessioners during the fair. 
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We are pleased to state that uniformly courteous treatment. and painstaking effort 
was afforded our representatives during the entire progress of our work. 


Respectfully submitted, 
A. W. EHRMAN & CO., 
Public Accountants. 


EXHIBIT A 


BALANCE SHEET 


As at November 30, 1916 


ASSETS 
Current: 
Washvon ian dl yaees.wisuroweks neat e eiten Mace. cae sawshcunlerei nis Gale tates $795 94 
IPeoplestStatew bam kero cepa cccts artless ch ea onteaone ee has ee On TEL EEA elicye 14,966 76 
AmMeniCan’ Savin esp aMhker ceva cites > ccc snes clatel aleve cuchersyaficvels ihn si aeeletn chess) e.ecal sts 10,000 00 
Accounts Receivable) (Schedule 1)o 5 2.0. ... 552-5200 0---e Perec barae 3,249 38 
Suspensions (Schedile?) 5 aon. core cere sae eer oe ee eee ene 7,910 50 
TTIVESUIME MUSE a, Sisterote ome ek cteer inc Re eae renter Sob eatene cars alice Mae ee neers 50 00 
$36,972 58 
Fixed: 
TERT aa WEST el aVera LDU LENS Hire Bens eosin ihed Eide SUE nae aka Aenea NE ISA mee OeNG Hon. eer eh tn UO)! GAS 
Bil dinesh (Schedules erty sc ers meets cheek calcein nvessue cere te ater. cihamer ane ean tayann 352,169 70 
Hquipments(Schedule:d) rs tops ete aehe osetia iene i eee errr 33,948 O08 
—— 673,628 56 
Inventory: 
TOW Ue OLS) Os (arene ges ie Perper oit a Paina aes chi atin eh enter e RETA Caen Saban cera ne, Cutt 728 97 
Prepaid Charges: 
BONAGEH XPENSeVRFED ALG as Ake Meats Mle cess Cle Aer meleieteie: Miers crera Archer he Stare pid case rmae ene Rone ats 1273 88 
$712,603 99 
LIABILITIES 
Current: 
Accountsvhayables(Scheduler4 Rereme riers sien acter ata cieaccny tert ere $3,028 92 
SUNG ry AA CCLUEG ML CI Siea tc a hicks ieee ener eacto mit chats ishotene Barer etnies: 281 00 
ACETUEE SIMperestOM BONG teceak ey tee, teases lore en eeieis os biclome kre 1,300 00 
——— SS $4,609 92 
Deferred Credits: 
DeposiisionmGl7aContractsn (Schedules) epee uieaseiee pert ene ieee oe $550 00 
Reservetor Lease Race wl race wane Sit tenants ei ee eR noses 7,290 16 
———_——. 7,840 16 
or eae Bonds: 
HinsteVMoriearesonds Authorizedvand|soldian- ss acieltsin sa eiciclaeae ee $200,000 00 
hessyBonds- Redeemed) <x: s.r et een cucns ey akeints Sree Seer ook 25,000 00 
LOWS EH A oseifetaetey LBxovarals} OOM CHOOMMOED ao ago ohdooseeaao maaan GocecobhoaL ao $175,000 00 
Second Mortgage Bonds Authorized.................... $210,000 00 
IGESS AB OUGSAWUSOIG (nee ate eeereicto ators Gre os 125,000 00 
Seconds MorteazesBonds) Sol ditae tecgeccaton sero ieeeecreis eee eset tte 85,000 00 
OtalsBonadsOmpstanGdings earn vo cwante areas Poien He cl aa EOIN oie ears Ere 260,000 00 
SuDplis—-NovembernscO Ole. see ese co deen ee oa cee eo USHOSDN So 
IGESS| HPA GLIStIMEMUS sy. rmtees ote eras, abe eaael it meget omasnorne eee 853 60 


——_——— $397,832 23 
Add: Net Profit December 1, 1915, to November 30, 1916 (Exhibit B).. 42 ,321 68 
——————— ._ 440,153 91 


$712,603 99 


EXHIBIT B 


STATEMENT OF REVENUES AND EXPENSES 
December 1, 1915, to November 30, 1916 


REVENUES 
Admissions: 
ENerala Dy avicA CIMISSI ON. ca ce soos cesetecratotere rane er teners Os cuca tein Oras eeee Sao os ,cxe $68,249 05 
GeneraleNiehtyAGmission %, \ radars eke ate pil oo eitiehe ore tere an cinsceiate cise ave 2,696 66 
Nfip.d ail ayhiva ges ho Op (el ke) =e a earn ae ere pieaLtreh hea antmits On kctchioic VERERC ORR AREREG 1,398 00 
MienibershimmiileGkets®. x)icc)2 Neceranbercrrere om Shaun Sie race ibe ile ores aici 176 00 
PANTHGMIO DIS ere. site cto sits o alare cubic to atesiimeeeies Worsicic Sates wiatetecae tees 3,180 50 
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Auto Races: 
Day Admission to GrandsStand). <3 cy cclcs.c <i senses State ee ete eee $6,460 50 
Night Admissions’ to (Grand! Standstecc e875. oe eee ee eee 1,600 00 
Hntrance Fees—Vord Races! July 4.5.55 12 0o so eset eee 190 00 
Entrance: rees—hord RacessSept..LO2.1os:r eee cee nin a nee oe 170 00 
Decoration Day; Races vca.c xix citi cron os teins Wine tonlee De ee ee ee 2,144 00 
June 4, "Racel sf are acai MebeeB ieiel cosls ei oe. techies Rae eee 1,309 70 
Jiily 4s; Race. 5 2,05 Meids: soreitetecie eis oko re a oe Oe ee 2,015 91 
: ; $13,890 11 
Concessions: 
Agricultural Building.< cts. sass sores Eee ene ee $175 00 
Dairy Building: 3.540 feces rhc chk ee ee ee en ee 50 00 
GrandeS tan 5.525 Savelns ha bre, Svat arcuate te Ree cece ae 850 00 
Main: Building: 35 oss oon oe aie et ee Oe eee 225 00 
Midway Revenues’: = tiers 5.5%, ok be etek ne eee, ie eee 6,536 32 
Miscellaneous: <\. Jo. care-onveate akin teinied pete ee a eee 19,300 00 
ee 27; 186° 32 
Exhibits: 
Auto Building. Rental® =: 220620 see eee ene en a eee $5,000 00 
Auto (Building Other xij iis sane eletnsactemiaieeycbeicles iene oe eee nee 25 00 
Dairy Building... hs ce eee hee Oe ee en ee 1,366 00 
Grand ‘Stand—HandiSbOws: rs oct ek Se ne ca eels cme 416 00 
Machinery: Building epee rscrcns + coer ont Seen Ae eee 1,100 00 
VEACHINGE ry HICld Sweeney ie «cee rea leteciols Are eT A este eee 519 00 
Main Building ee eek oa ae Oe) oe tee Py oe aie ee 2,966 00 
IMEIscellaneOUB: Sic Resales cess crete Aero eR el Le ORT Se eee ee 896 00 
12,288 00 
Horse Show: 
GrandiStand :Ad missions: ¢= 4c ane oe eee ee eee eee ee $3,593 80 
BOX SEatsls visu cs Sa eae eos Sho Ue a ene e eran ceca Re ed Seer ee 522 07 
a 4,115 87 
Speed Department: 
BOONE “PRIVILEE EC.) Tee csersae ees eek erakcne HE 8 sot eave nae ee eae aT ED $3,750 00 
ENETANCE THEE 8 ai earn cea te het ere reac he get oe Ee nt grate 4,488 00 
Grand StandeA dmissions si. 4 ae oe coho eer ee ee oes 6,723 90 
Scores Card Privilege h.92 ooo ser Se ean a, ceacc ache ee ee eee 300 00 
BORIS Cats cee SRS a eaaee eee eee BERS Sc en ee ee een re 1,320 18 
aa 16,582 08 
Sundry: 
MIECHrIC: CUTTENTSAIES hoes Ae ee oat sean oe Eee ree ee ee $501 10 
Interest armed 27s ie ac atone Gere te ole eo ne eee 755 56 
IML OTOTCV CIE SAGES ers tbe acta 2 no Re ee hen Pete re hee 1,200 09 
Official’ Propramy Advertisements =: =a. tees ohk cee eee Gee eee eee 2,105 00 
PremiumuyloistvAdvervisements: ... cosas. ceo s cise Hee eee 3,159 00 
REM balZOL ws wi GUMS ial see wae reise galas eee ori <M Eeoe ee ee eemeare 15,896 50 
Ren talvOtlRACewELaAclhie 2H 15 chr cnet fed een eine neck nce cic en ee ene 4,270 07 
Stall and Renshees iy cet uric: nec ccee ates ya ieee ee eee een eee 1,658 00 
Miscellaneous) Reyenues)(Schedule6)|; 5.22. 5.4. 52... 0ccenssnee oeck ce 1,159 85 
30,696 08 
State:of Michigan—SpecialtAppropriation; 7a... cr com oon oe cles do cl eee 16,000 00 
Total REVENUES 5 o-.S ise Giese o-ausesen etecas Wee aw Sendo ne en ae Ie $196,408 67 
EXPENSES 
Administrative Expenses) (Schedule) «22 toh) leit ee eee $31,545 45 
Operating Expenses: (Schedtle:8)i sera sis ap eee pees eae a aU ee ee 43,287 78 
Departmental Hxpenses) (Schedule: 9) ists sac cis nls aie late Sieh eats pier seers 63,906 80 
Interest sPayabley cies 2 ticoninas, Hotiits, hee Oe eee cen Se Gee 15,346 96 
"Potalsbxpenses fase oar spares 6, oe SEeh cree ns Mt geetts LIN: eters aie Sieh ae eee ae 154,086 99 
Profit. carried toiSurplustAccounmtie.. .2 sevscle arora ees ect ane eeee $42 ,321 68 


EXHIBIT C 


COMPARATIVE STATEMENT OF REVENUES AND EXPENSES 


Increase or 


(Condensed ) 
For the years 1915 and 1916 
Revenues: 
General A Gmissions! cic ce os cc cee it Seeatehe eee eke 
ATItO Races 7 eiise is Sok, Sere Sat Me Tite 
Goncessionandehxrhibitei-ere. ane lei ce eee eee 
Morse SHOW os eae ee Gisine. Sae Le eee 


Speed Department 


Official Program Advertisements 


Premium List Advertisements 


Rental of Buildings 


Special Appropriation 
Sundry Items....... 


Total Revenues. 


Year 1915 Year 1916 _ Decrease 
$64,041 30 $75,700 21 $11,658 91 
16,250 95 13,890 11 2,360 84 
33,251 45 39,424 32 6,172 87 
2,257 00 4,115 87 1,858 87 
14,319 00 16,582 08 2,263 08 
1,730 00 2,105 00 375 00 
2,916 00 3,150 00 234 00 
2 oA OD 15,896 50 13,171 95 
16,000 00 16,000 ‘00>... See 
7,488 24 9,544 58 2,056 34 
$160,978 49 $196,408 67 $35,430 18 
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Expenses: 

Administration: 

AGW GUUS etaeys cic. «vor Srateints o (ONMRMOLAIRR Pore havior aus ct $16,563 22 $15,598 80 $964 42 
ICEL Salaries cote siesta ec ae rears iene e 2,547 34 4,008 04 1,460°70 
OMicersa Sal anied ss <.ceteeecsleoee eo he a ebaerare os eevore 5,200 00 6,300 00 1,100 00 
@fficers’and Directors? Expenses... .. 206006 c0. - 815 67 1,470 97 655 30 
Gilat hivign Wea ae ders doaeote ion css Seas ocean sicatc 5,600 72 4,167 64 1,433 08 

Total Administrative Expenses............. $30,726 95 $31,545 45 $818 50 

Operating: 

SAT EPACTIONS marr hate sare owe ete Fare eels Sicha aerate 4,589 62 4,334 00 255 62 
IMprecd late bu yaCes es Sua eee Ss ot ctataotn aio Gea 2,201 16 1,952 38 248 78 
IRIROMVVODKS ere rete tales sce at, = Sis uae tee aravodiaeas 1,950 00 6,850 00 4,900 00 
Weawear— General: mrs te co anos Se eee einen 9,151 03 12,893 82 3,742 79 
iralnlikyeebS inane: iy) <cterys Ack tickets lt acesieyererene 82 40 411 30 328 90 
Maintenance of Grounds, Buildings, etc......... 2,473 14 8,974 63 6,501 49 
ESUITICLINVOMUIL CIS peeve, sce raa, atrclror'e/ ct lin inlansharisee citi sacle cera eae 5,104 79 7,871 65 2,766 86 

Total; Operating? Hxpensesi... sss. ese ae $25,552 14 $43 ,287 78 $17,735 64 

Departmental: ’ 

Auto Races—Prizes and Premiums............... 7,450 50 5,205 00 2,245 50 
Auto Races—Miscellaneous Expense........ Gas 3,595 41 5,833 23 2,237 82 
Better Babies—Prizes and Premiums........... 119 00 91 17 27 83 
Better Babies—Miscellaneous Expense.......... 503 45 611 86 108 41 
BOYES Stave Hair SChOOlsE XpeMSGs ss ccm ie este 1,034 47 1,292 95 258 48 
Cattle—Prizes'and!‘Premiums.; -..3...22..0.-+% 5,179 20 6,783 28 1,604 08 
Cattle—Miscellaneous Expense................. 429 54 288 09 141 45 
Dairy——Prizes) alds Prem Unis .). er. <1 2) = = fei ele 9) sens _— 915 03 757 19 157 84 
Dairy—Miscellaneous Expense...............-. 726 97 262 53 464 44 
Educational—Prizes and Premiums............. 756 50 673 25 83 25 
Educational—Miscellaneous Expense........... 277 98 700 80 422 82 
Farm Products—Prizes and Premiums.......... 1,978 25 2,110 00 131 75 
Farm Products—Miscellaneous Expenses........ 207 21 43 10 164 11 
Fine Arts—Prizes and Premiums............... 257 00 427 00 170 00 
Fine Arts—Miscellaneous Expenses............. 256 00 194 75 61 25 
Floricultural—Prizes and Premiums............ 585 00 545 00 40 00 
Hiorses—Prizes and Premiums: <-.......-.4....-. 2,312 00 3,724 50 1,412 50 
Horses—Miscellaneous Expenses............... 1,027 92 803 80 224 12 
Horticultural—Prizes and Premiums............ 229150 2,075 05 216 45 
Horticultural—Miscellaneous Expenses.......... 230 19 103 60 126 59 
Machinery Department Expenses............... 158 00 93 60 64 40 
Needlework—Prizes and Premiums............. 222 25 335 25 113 00 
Needlework— Miscellaneous Expenses........... 167 00 200 70 33 70 
Night Horse Show—Prizes and Premiums....... 4,305 00 4,560 00 255 00 
Night Horse Show—Miscellaneous Expenses..... 1,168 59 3,365 72 2,197 13 
Physical Culture—Prizes and Premiums......... ZOOS) 2 cis ee Eee 259 35 
Physical Culture—Miscellaneous Expenses...... 293 47 978 27 684 80 
Poultry—Prizes and Premiums................. 1,726 50 1,077 50 649 00 
Poultry—Miscellaneous Expenses.............. 582 27 581 11 1 16 
SHEEP —PUTSES feos ercee iucta ieee Fists omaiena = eva auc 3,204 60 3,313 50 108 90 
Sheep—Miscellaneous Expenses................ 298 65 290 14 8 51 
Speed— Prizes and Preminms 2 fos). )s osc ee 7,670 00 8,450 00 780 00 
Speed—Miscellaneous Expenses................ 5,322 66 4,300 49 1,022 17 
Spwine—— Prizes and Preminms=s)..52-45 220. chee - 1,912 60 2,656 75 744 15 
Swine—Miscellaneous Expenses................ 222 50 308 32 85 82 
Wh SCeMAaNCOUSH scree cect he ane Same ie Ai nes 1,261 65 869 30 392 35 

Total Departmental Expenses.............. $58,908 21 $63,906 80 $4,998 59 
initerest-Pavables sats uatnteke Orie Cae Me camen 2 15,192 93 15,346 96 154 03 
ROfaIME SENSES. stim eee ty yrs yh PA $130,380 23 $154,086 99 $23,706 76 
INGLIPTORG sv tata cts Soho tents Cutie fa oolat micas $30,598 26 $42 ,321 68 $11,904 18 
SCHEDULE 1 
ACCOUNTS RECEIVABLE 
November 30, 1916 
Advertisers—Premium List: 
erry ackw ell Ge OO: Sees gis ae oe ee re Pe IRN SO OO canG $20 50 

WarmidaniG oyerniment eA BUCY o.c cis oistc bin Sho eee ee ee Fok ee 15 00 

VEC lya ree CASC Sots Oe Sieh leva « areas Te ee ete aie | 40 00 

COLISEUM Ce Fora 2 «ee toe nm ences Sai A) 2 nena a tee a ee 15 00 

WAU CORAM DEVICE CO fac: cig nid Ooo Te ee enon eee Me heehee 25 00 

LUIS} JOA DULG SS ee Reis ORE e Tey oe a OS ie SS 7 in Fire ie a 25 00 

tats) 1Ne, dB), 1Bias) (e.Al Olo eee eee nen eae oy mat OU EO aa ee 9 00 

Li Rast & GEN Cry CARCI (CS) te eR ne te Sih ele il a 15 00 

IMberstatesachipe A SSOGlatION A: rs aroha Serco ctaSes ee rien oe win osve a < 40 00 
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Advertisers—Premium List:—Con. 


TH SrUEh aw VOCS Ay oh ih aye hee de et sie ta valiel aye orice Daye Sno Shanes pore amet e100 eee teen $15 00 
Jka SCnNed ye CO aR OM St nanhlsierot Neha eerare 25 00 
Movie Operators’ SCHOO ls it.a cues bas ere h celtodeehe ee srapein) cos dier™ s nocany ee eenaieere 30 00 
Royal Sheet Metal & Heating Co 25 00 
Roval Valley Comee Colter satocteteas lous taresauseo cy occu Mere een eveke reas a) a bcc Rear eeenn ag ate 15 00 
AHS SHO VEDSOD ras ol se tee en Re ones 0 ens 40 00 
Wileke-Armstronge ‘Cos 5 airs chats cia ntyals sc ekadpn ere aietalp erase situs dciiernpn renee 15 00 
Advertising—Official Program: 
Grége Hard ware (Cols os sstid sieve si ops Mar eiel es aieaa cart are heh eer a see cee $60 00 
Nationale nirer Proofing Co) cin. retete nie onsen etl ree onasco ncaa aeons eae 9 00 
Weal TNStltite Scie tov, -otere nemo eee, ceria neem re eke eae oka ook ate ee EE eee 20 00 
Tire’ & Auto Service’ Coss. haat taleseow le eae as steko oni Mee ele Maen RRO ies 30 00 
Exhibitors: 
Arbuckle-Ry am O's tas Stic ivi oy casos stew OS ee eee eis Coe tek cp. een $37 00 
Ganadian: Government AGOn Cyr irate isi syetctere © see theres sGcrece ch Uhehancieis) ao tevanees 262 00 
ClouphiG®swWarrenk erie eco e Seesere sete nore Nietetean « terobes eras errata 182 00 
ROSIEreB lle Eractor Comer. wc cto akecans cout e ctereiarateere AMS ores Bra trate Polteue coke Mivonaw ones 11 00 
SEALGAE aM Ov COs corer ns onayeaiev aseraiel ab014,16 0: Slat oxo PS sleptass ie aikel (6) ac oltotaaben creme cuehenen sie 79 00 
HranlerP AW eres ewer clave ae cee ieveicla se etera ee auute, ateleen tere nme mene emnantveeereie 51 00 
Sundry Accounts: 
Americanvhampshime epi sting A SsOClAtIOM=)7s cierlsanery ciency aihieehoianenens $15 00 
‘American’ sersey @attle Clubs. aevcsoecna pete charts senses ouapointe eickate iets ostiene 70 00 
American Shropshire Registry Association. ....:...v. cc. sce tenevessueee 65 00 
AMTIHAT DOT BUR RY CO's cists creo iabeporctane rete edoteteteae nae oc nets Re ctl oe cea een 30 (oO 
Automatic’ OUluGassBurmen Conese cae wise s teens tine i Caa earner ine 2 42 
DEWOt DT VvINg CUD eva a chegean copoercnote W soeranclers rete. GA Ntallstaretone Cisse eencNanaee 656 21 
Gaston awilliams és. WiPMOle!2~ asc. Reton ce ie eee es ete tote te aero rer eiaee 160 50 
VACOD GOLA DOLE Stone tls.c ror eon loceys Syererore aes Oe cans one I ener emake eenabete 25 00 
INSEL S INE OOO ee sea cenet waite: 0: is 's Sgedet msoe ee ee reac ete ane arene eRe R heme dete uanenette iene 640 00 
RUCO= MITCHELL C Ones exctletars, © encneracctete re watel cue ate elicte aerate, Oley Gate as v epee ey Oe rar eieeeie 19 00 
AAS Gre NROODELUS rs crate oro nace Ste Spans eters see elare D Ble Ae tw ne ORC al Oe EP Rar On Dae ene dene 2 00 
Htudepaker" Corporatrony. eyorssrepecenecacahorel oes Ae eee ashe ares taal EOE Ore eS pean Hee 450 00 
SCHEDULE 2 
SUSPENSIONS—-SPEED DEPARTMENT 
November 30, 1916 
Year 
NO MUO Tis (G A Garises oe ck 3 Re iS iis oa rece aie Sitar us me orel aley amet ha atthe relies eee renee 5 
Geo ew W Bais ook oe a ie a sa inhins oie rete reais oon rel Sve ee ee ek oe 
Di Ke (Carter ees 22 eek ee Raat a echt a ke lcusaten tek aoe Bone wee eae ere 2 
Dan WV ans Boos ssc 5 erates shee whee See ean sialic re (olailegeteua tse etek etal iere hee Renee f 
AKolahial dsiussp ERE ok. owe Diguic ar oeeuee pice ao bomonn nooo nk abooh Sopw do’ 
Fountain Stock Wards): oo. Fs Oui Fas as doe) a ad oes a) a ono hanes ay ewe e meet et ae tale Rees el a ene 
JOH IW SG rate Sets Be Sa ech eee Soe ap a eeshaaeie St aclte ean On eee Re EONS ete Ree Rete ee a 
JAMES HELOP- ATU Blac ese ete eee eee? Sie al nth oargeNiel oficial eke PSC ATN San eee ols eye ese eae 
OTE Os E110) of: Pen ee i ar een A rere Meron PARE ME ran INGICA a aiawn O's 3 
2.) ay NAR @ id 001-43 en ee eer a Ge tiene AMT. 4 Gary cmBias tb OD apo i 0 wicks ic 
A EFUB UDOEE te. ees Dias, outlcnswahete Sek oapatar a nctisent la: Siepeeses ofa eu anatocalle Noes aleveuemens toten eRe assent nae 
TDi Gln eri dary oot sey ea aca ome vaca anes Lo cee a bags oe decals vecete neliatio tet she nen enemies 
Wie Hi. Stubblefield cir ee ey eee ic ee als ie elle tene olelape okt Suapeekeg eta mete eae nerene 
Bhi era Weed Bret: VclaVo) bin eter Ree ect ee eM eee weit ne SMR GIO Dinigin Oa SIG ca 4 
VOU, <3 Cr Bickeys cre oom oes cece ee) cetete Sate ee een ad emetic © tela action he usta verete fosst tte iaa eens 
5 OE Of hart) eer er ee eee AMIN Ya Men tin AIA or Pico ocd ou cs 6 
Bascom Parkerar ak Silat, So eee eee eee Reo oe Ul cues a aeton tek Rar ater ero sttetetiaa 
» Kohl Ee -Yo ye el Do), Aelmeeiens E MEO Ott eco dee oro Gono ooMe aD Ono TO acs DooOC 6A oc 
ri aa eel Raa CAN cc eae Aen ue pa Ae a ey hi Sor crG SiGe MOO AD Oo mos 
Ato vem CTE K 4 tne ee REE G OCR aaa el 6 eo GOO Bid Oe COURS OO DS DOS OUR US OID SUQO 205 
1 Oe ee 500) 0 on eR Tiare olraino onto Poo R oo moc omeotca Soto et 6 
Bel, Pa s\n ic) 0 ee ee ey oe SN EG Selle om preety ors CO DIO Dba 0-5 0 
a 088) © SBS) 01. hn Aon een ie A nia rRNA or eimid DAT COME SH Can OD OIRO DOO Oe oH 
2 (OMY Atay 23 airs) 8 0 ee eee, Ae le. Chan teens Bin AcKa CuO Biomoln OG. Gi Dns 2 2 
193s “BobiCamnathanh< hac. sissies te eet ral scenester Severe tage seus ay seven cue te ieio ake cs HLS 
Ge Ths TOV Paes oieis oes Se aie Fo ca ca ee & ove erent eee ont Ne OReRAR A iat ee cieee st ne poco een 
PEN: GMA ae sasha ah jie letatelalsicpers cers Pee axis iar Oo S oc o po uo 
GEG GOONIES 5 eres Bc ch necks Pesce mceciare eB Siva bahe Ghnips 7H olbyenecRetense Melts tor sesh ete ck en monn aOnas 
fe OPES its Ce As Ae er ae PEI Tet Miami coo ADU OU eto O09 2056 
Gels SWalemtiM Os aiken ake estar anes ahace Se) teareteca ebatsle iahtana arch TORONG Re Lape Re Mel alten Menem 


$369 50 


119 00 


622 00 


2,138 88 


$3,249 38 
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OTA A SVS VIE Eres ces cae cee eee eee Te eee ee) Wa Metin isteaitote Vai eons. SoiveNewaparenaletsie lela ands $90 00 
Te) MEUM TE AA ECM e ctecersie toate aie ot aleteteacrere easier clin rrcetenenate: Stoke atetacana slsuatetetets eusrene 300 00 
GAG OL GIS Ors ca ye aI elec Creer neh a cree Arche tar aiad cette toate fie lameness ayahieveliaws 50 00 
VI AIcy a lire GCA ULL Clit on auras eee Sieteloust fcotonshe ache: aera Nears e aie seemen hciscchn ene (ena = hina cveveee 30 00 
Te) epee a Se hee age GS oh re racen et Ey oral oe PERL eS SR PSUR a 6 90 00 
(EVE) ojaal Deal g ABH 0) dees ee RA Ro Fy Sone eee yentees Rrrareen SP teens Choa nks icy CRE rela ROE ORT CIDR nner 50 00 
1S bel a 2d Vachs me ee ety Rene eck ed ere Pate Poy a eR aa CE ALS CR Onn IER 165 00 
WYP NERS ING WD Vite eesce co ea tenet Tetras oheites covel vsretlepart? cs callin Reet ist cue icine ememnestmicatcc ahah ates te ieoale 100 00 
FSH: Wegel 22 610110) ween ere uM ne Ch sin ear an a Oey Abe LORCA at Da eo cals ar EMR want chic ny ect 240 00 
iB KOLO) head Meter Eee cer fe yh ee EG RRS ee UR Oa ba a ar ats emai res Pye Coty A CLO 50 00 

19) ayer D} 50) Bk Cty.) 5 (210 | Rana Uni te A en Nee ee at 9 eerie era Aru an ce ech tial te 20 00 
1 Stare DAW @) oes c ye ate Sc ations ice Nace OR Cae Me hey HOTA Ren Pec roeaTe EGS cha eh icstcd Gs 80 00 
BUG) BVAS Meee sonse Ca elo eer cheer nfo ecaliel ial ate eieretontals Dovellelc ahinerenel cha astenebars CONSEaTeheh oeenenee Pare 20 00 
Vufidls (Eat esha alte coe ICR ROR CICGEROD a ERC ELMER a ee RET. SEER MO nic UCM RT ise oncrG oiclerc 30 00 
Niliged 8 fell EMO OTS{O3 0s een ae eae cy aoe ESTER Orci See ERE RIN Deon Cle ane Ia erosions Ayn 80 00 
EMPL UIE ELesmnrr ore rice Py eae ee RE HS OR nyc. Ayistone or anv Mio Caay. o cyetereth ie ath sn ee 60 00 
AWichy SG ViOUS Hector) Pern eM aN Cow oies kuc eos scien stadia Poreacrtaes cc aeee Ge cue CE ete a Seen 35 00 
Ce Ere Male yee Clit). em citarsyverataisiare aise aie tice) cnctarauslee: oreitebs, a Svcithe spa-ruire acalaraig-cjeahpve ates 70 00 
OTe ACR CO LU ain to eee entree mate Sonos Se pey ar hMapaPelale Sala ce SIS ole Le Wee oS 20 00 
GeoMIWIMECLED er remem contentment hee na nL Bea usu Tt Wonewehor al abeite s) seacs oldie: ccomalt stauonanone 50 00 
CUCURVV Bye VV LO OGLS Baca ieee tie ued ce Pa ogee taney stay eure ad Senvereninseaneyes & sudieic Sa) ai Muslarm tote 50 00 

O1Giay Ne. CAWCKGnsey:..a » sires cee eS FON OF tas OUTRO OI cree OOS eee ne ea 30 00 
CATIPROOKS ats eet. AS etche wv Meas sc Poneire oie tes shave he Ses MOWER MRR Ta Tey Ste eee oe 30 00 
1D ad Wiss Coyo} ca dts lees See ir, Narre eee ek eet eee AAR RETR oie 2 A Su 8 oe a ee Ae RS Ae oe 30 00 
DEMPSCYABLOCNEIS! - 5. cee stare Se eRe eek Regrets bel Sisieltas Riche a ee eae rene 30 00 
Peep HOTLORG Sesew.tavaret cracacs seis tous aha *etoro a paNe eee, eMCEO ASSN SG EP ESE EES c 30 00 
EPSIV i ET Oth aia eeepc fp ita alee Sit, bade eee ds ROO as. hore eS ee fs 30 00 
Se IVEG VTC Ca Te coterie ais ae on oil tacce sun Tete atch cos ey Saaeleed Saree ieee a 60 00 
hos se elallOwayarpyctete santereye1ersse-tversietel - oe 60 00 
CHSMBIICL Secon scr ete here, ce 30 00 
inte dis deeds hiding aos 30 00 
WiamtpPropenbarnanniec. 60 00 
Horace Markham... . , 60 00 
NUN ye OT seca cur ney Sean aint fis case mney kee HNN A bea eee erat Sa ncn a Niet 1S us 60 00 
By hy GhCEIMIANL stokes hag Cee ter ech hare we hue Poke tee oe PO RG NE eced ons ca co lon a ee Pa 30 00 

$7,910 50 


SCHEDULE 3 


COMPARATIVE STATEMENT OF PLANT ACCOUNTS 
1914 and 1915 


Book Value Additions Book Value 


Nov. 30, 1915 Year 1916 Nov. 30, 1916 
Land and Improvements: 


HEIGTA COS re tie sonata aSivavco dancers) ha Ieee a rer Tt RELA $4,259 63 $4,259 63 
IDENT Y0 Roe Sa opera airs SON Me ee tre epee Ary en Bh ben, Oe 208 ,912 50 208 ,912 50 
WVACS ML TACK Ne ois nyc excrete ak oie ve ete oe ee epee 29,631 72 29,631 72 
Hacevlrack Drains 5 anc ci ayotenerale SUS hee 98 55 98 55 
OAs ands rives 52 sis jue eee eee 10,308 95 $1,500 00 11,808 95 
Slims raAnGe DTCs st.7 os. oie conic heater erent e e ee 401 20 401 20 
Sidewallksnywe tt a ool Ree Eee Ee ere 10,458 8&9 504 66 10,963 55 
Withers y Stem ang) Sewage unsninteas patil nee ee 21,434 68 21,434 68 

’ $285,104 92 $2,405 86 $287,510 78 

Buildings: 

Aericulturalemilding 2.1. pesca eee oles Se te 15,675 00 15,675 00 
ATCAGEIBWILGIN Es Matera, feee tore mist het ate ode ee 201 40 201 40 
SATEVE ULC ee heirs eek occu), CRs yas ROR er yoo bate ements 5,634 68 5,634 68 
AIT OMB til dine isha nolo at oro ae 37,039 59 37,039 59 
PATI GUS VALI: cpa crevchsnceenceew te, norman n remanent ae 2,125 00 2,125 00 
PCAC OES Rts kecetare sn See hete ee 0 ee eter eee oe 1,800 00 1,800 00 
(CEN SE 9 0 Eee Oe eri ai eens ln eae aaa 13,500 00 13,500 00 
WlOseteRera a Wostsla woke 2 SOO UO OBS Eno 15,375 00 15,375 00 
WD ALT y AS ALU ere coe astern oies yoke lee heuer eee ke are 14,669 89 241 87 14,911 76 
Supernimtendent/ se welling. ese osc Senne 278 06 3,721 94 4,000 00 
Haucationaly Be aildimovs=y spy pes fons anni ore ae 5,850 00 5,850 00 
I Dayne hal ecines Senaaih chk Rae ee ORO cath et ee ee ete Coeh cg gn Oe 4,859 62 4,859 62 
Birec Buildings e.s tee hoa oe eye ose he ee 1,000 00 1,000 00 
Grand Standen. ote ee ee 57,460 78 57,460 78 
HLOTSESBALUS ere eta ae Lee ee ee 29,936 53 29,936 53 
slurp kebibnondeNl ishouitohhare, | Gea pagan oacdoraneednone oe The is4) 22 15,734 22 
Machinery Buildings earns Ansa ocean ae 12,774 07 1,000 00 13,774 07 
Haine Buildings seer ace See er eee 29,587 18 29,587 18 
WoichiranMPuilding con on ccstecnae oe ee 14,446 96 147 00 14,593 96 
Poulinveb tilding”, 925s ee eke de tt pean 3,150 00 3,150 00 
SHEED PD ALIS 55.) fiync- ot, eae ar IG Lee ee et ee 8,505 00 8,505 00 
SPCCUMBALISMs tis. ces oie iors ae ee ee 25,896 70 354 21 26,250 91 
SS WILLOM DAMES Mery ete are ante ons CR ne ee 9,405 00 9,405 00 
TOGLLOUSE Seite eee | taconite eaten 1,800 00 1,800 00 
WY ORNOT Swe UIA eee phy, a), Cobo tye ker Wa cist heel eT RR PA one 20,000 00 20,000 00 


— xe Le oe SSS ee DT Ries Se 
SOIC PION bes Cec erd $316,210 38 $35,959 32 $352,169 70 
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Equipment: 
Dairy Building Havulpmentiis)- oo. eee cee ae $22 68 $22 68 
Blectric Plant and Equipment................... 19,902 92 $2,004 76 21,907 68 
Bppine snd Pumps ch. <is cate aledemiaccs iether Mote 1,006 50 1,006 50 
Grand Stand Awnings... eso soe ee ot eee 27 00 27 00 
Horses, Harness, Wagons and Autos.............. 473 00 350 50 823 50 
INCINETAGOR ois leise Sirs cate crane eb Diener eee 12 83 12 83 
Talwi Beate oases nit er ererchelece ey er Ree 192 46 264 42 456 88 
Mattressesiand Cota, ~~ 4. os a.ck seen on eo eC Lee 288 00 288 00 
Needlework and Equipment. ...5. 2.505... on. ss0 30 00 : 30 00 
Night Horse Show Equipment................... 115 00 115 00 
Hair Ground Wurniinire..4 62 sive tte acter ee els Leen cee 213 70 213 70 
Office Hirnittire and Pixtures. =... ose Ae 1,281 49 384 25 1,665 74 
Poultry: COODS's creo code Winks raise ee ee 1,242 10 130 90 1,373 00 
Race Track, Larpaulin. sje. st. asa ee ee Mec ie ae 1,200 00 1,200 00 
Slonal Plage repevssinloemlethowistoe > qe eaten eee 12 50 12 50 
TNoolsianG HGuUIDMENtHS wcrc stick eet eeeete oe 927 39 414 95 1,342 34 
"TUITNStLES Ss. seis sore Me ene Roe ee 3,450 73 3,450 73 
No) tl i nS ain eeteacaeac MA as RNS ER A $28 ,984 60 $4,963 48 $33,948 08 
RECAPITULATION 
WaT: Slo Dots 2 Diana Re MP EE AE se ast NUN ec a ere aie ae 285,104 92 2,405 86 287,510 78 
Buildings....... Bre teusd eters cio iatoe ic Sete ge, Stayner ag tare aes 316,210 38 35,959 32 352,169 70 
Roolsiand Hquipmenta..- ... rete esas oes ae 28,984 60 4,963 48 33,948 08 
Ota. = sere eis hse eh oie SE ee ee $630,299 90 $43,328 66 $673,628 56 
SCHEDULE 4 
SUNDRY ACCOUNTS PAYABLE 
November 30, 1916 
Burroughs Adding Machine Companyie. cm cae ces se eeeree abort toeicle cies center nae $52 00 
Maxwell Motor Companyic. oe ncctesc esd oe oie eaebersiale eee ene les ravioli aus tue econ pe eee 350 00 
Royal'iSheetMetaliCompany a. cscccsnas es orsonus aie enone eto mune ion eee ee 142 50 
Highland Park Paint & Glass: Company, 2.0 ste cssse stevie) coi = wie etna) ere) -iclioleuel rate eee eee 25 00 
Walker & (Company, a0) sium iene, teoane: siete waste olale cere ees) eee ede ate euatollenatattons is teheie te ete eee 105 00 
Pontivge:Paint Manutacturing, Company... aceite one aie enol leet ene 534 40 
Prank Farrington (Company «cet cs cts <tois cosine be cea eee ee Ie een aoe eee 163 60 
Lee Hardware Companys «csc <jcaraieaie vn. nie coarse @ ons Stok Sie ene eee 298 35 
Standard ‘Oil Company. sien cies Scio adel ois ee ne eter ceca rae ore oe eccleuene eee eee 14 50 
RoyaliOaklce:&: Produce’ Col. ..5i..5- ide 2 ton Aidla Gil peel e come eines on eine ieee eee 16 65 
Detroit Bdison: Company. . « & 4s: scsic re coe voysels te Bia ee ope b Sele leone een nee ee ane 3 49 
Highland’ Park Water. WOrvk)..9. estore soles, cos Maia e anc, Grae tek ce RECN ee ees Oe eet lOve 
A.W. Ehrman. &; Company. 2). ii. <5 aie selena Aisin sere: oot) sole =o esr arated See Lee eee 50 00 
LOCALS. so siz 5 ooh a argu atop ase orem eteoie caracele al they ote oie eevee tae el OL acer te $3,028 92 
SCHEDULE 5 
Drposits on 1917 Contracts 
November 30, 1916 ; 
Otto: Wendell iis e ic soe 8S who eietets Pek ee Aes jek be eotstemet an 5 rec shecovale a aitelco lave pee reece ka eyelet ann $100 00 
Goodyear Raincoat ‘Companiy ae uranic aero cin «cists ete ee see eit eet ielale sek eeteae eae ee 100 00 
ShiuleriG& HOCH is hey asst hho Megs 1 eel ee ere a vd TRS a ON aR eta Foc ate 200 00 
Dea bee eho a bb rete hes Mn eM EM WS ARIGT a aod aoa 50 00 
WiOUWIS GOTO. «5; crebeid eet: onelie eestor mie yeie cade fey aches Soceie. el ple ieilolh eal tacos te [ete eee ce eaten 100 00 
Total: 22 08 sat ee eee ee on eee eee Jake is blk sete 2 $550 00 
SCHEDULE 6 
MISCELLANEOUS REVENUES 
November 30, 1916 
Sale‘of/ Scrap) Platinwm 92). fe. He~, pone here, ove, © ops tedaetieyelic ebro a rere cece ter cis cat eee Tos7alce $31 83 
Ce 000) 0) ae ener nthe Sits Sere es a ode RM OLAS Cad tft co Ao upite 261 56 
Physical Hducational Pees... ish. ce ses ole ote le yee aban chal uate 1 Me rajlele ne be Poe ae NEM oot 22 25 
Baby Check Room Receipts...~. 2.1... ict Oona eae 59 55 
Ineubator Baby: Receipts: <2 o)..6 5 oi. oo. csove chore whsiwhonel slope eee = Gpoy Oleic epee pke Rt eae eneNae Pon seet-UeL ite 202 65 
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DOP SHOWsRECEIDUSereseiae ofois 0) «1x, 5.0.2 sees © eyepenaye) gievenetaveretet eins els\estaeiehaihaptetere SG TOA IO $69 31 
Sale GL MClounee eee iis esis cere es coo he es 135 59 
Sale of Programs........... By : 92 22 
Net Income—Sale of Cattle.. 81 36 
OOM VV ISLE RE DEE fens oe «neice se ty oo b eleva wle-vieisiele sqneists = 17 54 
MARC RNICIVC OIG OLLOITIS of cle(siopo0e «d:clc,sivi'ereiolas bicteretee cle ielice i adees ete awl laseiie| oaite/tal.au atalnnmn (a, eal e tain lau 185 99 
SER eMt MM epee aie Seta raion a colo coh ae Fal che tet aaa oe ae ened ovens te) cues) el Relefel o Netete’ entelokat'ay Vor al otfetevien= $1,159 85 
SCHEDULE 7 
ADMINISTRATIVE EXPENSES 

November 30, 1916 
Advertisine—Bbill Boards; Posters, Cte. 2.65. fee ewe t ene eves cs cee ste ees nach serscs $2,529 10 
Aly ELbisitip—— Vinee ll AVEO Siler cascctetein inte trem east caee excloieiore ors cyeseleteiebes= lee) esoNe\ f1e (el e¥e\c-e/e) asic 2,051 68 
Advertising—Newspaper and Magazine. .........1.- cece cece cece eee e reece rec eane 5,887 24 
Aa vertisinge—Ofmcial Proprami VHX pCNBC «ooo silos - acters eis ete iasetn sc els (eraleitielere)s siele @orais sie) 1,274 70 
Advertising—Premium List Expense Including Postage............. Motettetekara tele) cfovetehe/ cave 1,802 21 
Advertising—Publicity Agents Pees. ... 2.2.2... c ce cence ect ence eee s cence cveecseces 1,364 79 
Mavertisins— Street CareAGVOriisini ey. otey starry olay ols caeietone’ oie eve ve) ole reyoiaieneMete feta leten ais) ele) hetfolle “oe (ols 689 08 
I RABDVGD Ect 2 ot eras ore Cote none cialeseteie haieus avers Pith a eee eel ae eae PTE oes oR Tate 146 00 
Ok COD IIE TAI ATIC IE IIE, meses ais’ «cos alacesc.ctere (e otayo: stale oie ler ede = es onoe) ekeeials lererapolc tev stebes is Tedat =i 801 25 
MGHINISSIOHI OH Sale Or BOHGS? 2arc)5 co cs, Heo aie erode cle ee exci ie A heh cba ot ere eas tLe ols alate lode share 318 50 
MAES AIDES CTISC w crereterareus a rats a oousl nye ose) cues Soh aieronete ape cs weal all levers sone! ctalials, ouevolsfafayat ear stacey eioPo¥e 50 00 
i Foland Oia 00 VO RO ACoA OOM OnE ao POCO co eine born Doan occ OoUbiopcocenac 331 00 
ONTECEA RET Free Si eaten aE MPREG CERES CPP oR ICT EOI cor Ne rd ae ern RHEE Ori CAC CCDC 750 00 
COPET EG) SEN Fig STS] ee a a a pee oe dt ae OE I ey ricer nom CO Cac Mia Ae 4,008 04 
Olio ssi poral uvscienite \d Dp-qoless seth Rein Oe noch Gin Ganon Sion cM OOO tn COIOn! O ae ree asac 764 95 
QE TESTEOSE Ba Ce See ee ee tans MPa ities eae tease, Re: Chcponoicne ts od ELEC Io ee caters cic 6,300 00 
SHNCETS, AGED ITeECtOLS: XP CUSE!.:c oreie are at stots) <\eb) Heal Soniye acetate) totale (a ares seed ontet a cl'e' < wiavenelojict © 1,470 97 
LEGER ie 8 BES See Cet mittee OP Mb GTO Ge Sen COE am aces aly Vn Sinn Tea cinini dias Sevonic 468 70 
SPL xDeHBE CHCOTILE: (ZA ote 'apel serena clstsnaxs aberain rssh ogi ele che) @1sielale'ae oisl sieleesisliey scale. euaie 342 O1 
PPB e PHONE ANG hele Tap Hee tars Sas) cactcaataet she ator of afd caja piel otro! phate iol e! vk ctrere (alle) we /alelleres /2'eini/oss) =m)" 195 23 
STEN ale cues can) cect os Poet waste eis | sae eR adesielg, eten cl otadenadeyoliey cache atte \o o) ala /elial viru Sobslteopatanet ois ieteve $31,545 45 

SCHEDULE 7A 

SPECIAL EXPENSES 

November 39, 1916 
Teva aro 3 Dia a (Ses cite ors GeO oP a oes ROE TOE AER ie dass aU acon imicn > cee $150 00 
RAIN GLE Bees ia NLA CLEA ag tite choie cia ee otal ata ee etare: coe ,c'lc ack eve Sa lasaichan iolor a: wea ateueeaateey oieYeRauttes eee febeuatoeete 72 90 
HIGWOTRMOLE EOD ESGIIAM sci te earns sic ease bare cucv the, Slate onl Seah oe geen ie etete cua tenee eeeneae fe 10 35 
Expenses W. D. Edenburn at Milwaukee Race Meet.........--.-secesseeecccercceee 50 00 
DVS Cal WOE WAT Sa Waele NWOGUDUMD:... acer perelacs, store «.% 0) inle e¥0se ietwslol oles a cate siegel otis op aime faretaletacace 25 00 
BAIT ROTYEORIELG (Cc ALCL @ Seppe eye etere oh erate peo tic ie eis biace ecw lesehe ois, = iepalobevatesehe fy ei boum ate lee toes oe 25 00 
RVIRCS LM ICOLISLEIE Sepsis elars) Sin iene i otcia i crocs teas loser ous. ake era) o foc ake, eyerare: apel ahaphiis ota ers aged een treks 8 76 
CRYO all meaty eee ten ars OR Sete eee esr Sae etl Soe Aeave d.lapeyate sb Tenia she: So ere tet eN Salah she eTaO cota $342 O1 

SCHEDULE 8 
OPERATING EXPENSES 

November 30, 1916 
PW Ale TAA St: Roe ne haa Pine RY ere wk een Penner ee ety ee, Sit SNe neigh ane cere BO Ie $4,334 00 
SATIEGMENXDCTISO® sf--ccoyeed: oo sia Sua, d, cleo henel aena oe eo ce Pores bore ane og ete Reg Sree tae NC SER AOD od Oi > ice 457 54 
WIECOVAblOUSs< 25.02.2588 25 ere ae ae aeons eae Cee i Se OE atc ont rere st ieee ne tabs 194 60 
AT O@ULMISUTANCE «i feciatderes om ale wlarecthe enol oeahe cle Meade Gig sickorp eens gh eine eaen ee er are TE tera eroretens) ¢ 1,952 38 
PNECNETOLEGLION 1: 2.051, tegen Boo a wees Dice Re Et en a a Fea Petite met ekara ee @hcle ate oie 391 25 
PROMOS sh ofes shee, os eo Beer oh er Oe oo Oe tie am nae C ebicle ELC acer hee renee 6,850 00 
BES Sit eh PLCSS Ald Cartage. coins o> as clsietole scarlet ae haus dete Ae acy hoa! ola PORE nok Sate ey eae 193 82 
WADOI—SGONCTAL. 2.5 Foie ale late: oo oie od io in pw Fal elm ciars) stn opel eiaislpiole heel niele)ale sie » vv 6 18/9, ongpolene ete 12,893 82 
TGXADTID EY SELISTILANICE...< 4, cio ote 'e.u cnc wis vie.o.eraieis,e1e.010/0. 0a, SieiaaeR measains ovetevelnisis,.c\e > els] tio a'e winleat 411 30 
SRST NG Pea VaR LET EN Penn be ols sip, Sud a ow ah ace see tele gore tenon eee te aatiaLehaate jepson Sra aye Slezera 1,040 44 
Maintenance of Land, Buildings and Equipment.............. see seee cence eee eeeeee 5,411 63 
Miscellaneous Operating Expenses (Schedule 8A).......-..--.-- eee eee sence ee ec eees 1,185 91 
OM CO PRO GRERIOIS tetas inlogrig: o's Joteye's © ofnlel ais opie oye aercl- Mere eereges alana |S iste, el om biel 0a Soil 4 sles 1,230 00 
EMEP AITN He LC CLT ICSU ELAM. csc dio Corte ook ott ene eal al eens sate a ab ie esaa oteale lah intaterals ofan 3,563 00 
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Ribbons, Badges and Buttons 

Supplies for: Grounds: 255 055)45) «borers aig ore Sr Aer tes cs ane onene taneOraate siete te eiien Rae port eerie tee 
Rental of Tents, Awnings, etc eas 
Water Rates ® ives. dcc5..7c o cae 0 ote ctetale sale ate 018%, iaiiebeotete remietetaNe: cake ae Tene aite cea eee 


SCHEDULE 8A 


MISCELLANEOUS OPERATING EXPENSES 


November 30, 1916 


Miscellaneous Printing os, < cic re ac aves state nayabeen a cvean petonorens Opole eiave-e sla Siete atone eae fen oenaeaae 
Hixpense,on:Sale of Melonsicctscy.oetarrs cic chere alee ouanedeaccescmienerereteoiene 

Restoring Statue of Laocoon. 
White Duck Caps. 2.5.7... 
GATGEN SCCGS. ae mz i-1-)ei rors 


SCHEDULE 9 


DEPARTMENTAL EXPENSES 


November 30, 1916 
Auto Races: 
Prizes and Premiums: 


HOLE RACES; alive. x fo couere ae iiss, cho reste hoe’ et speeeve ele wns rele, enere $505 00 
WOTG RACES HSE pbs all Ol, scoyonstapsy aie teyesa-ctyens ers nis bees teen tere are 500 00 
10: Ue ee aig Ree ee eI nea Mt atts lH eotcan meni, PMS aC Mio oon $1,005 00 
Entertainment: 
ATItONR AGES 5 Wha yor So Ole ves sc eiehetctare cauchemeneh oatatorse a tewenenctens $128 00 
IAUTOUR ACES HAUMC AM ere arcrste ei nrepeacun cuemaptes eect nalage te kerar are ekerars 42 00 
Bord Races JULY Acne coe ele nites eucleg=Ponenetebars eee eieeere 114 00 
Hord Races, /Sepes WO. Se Save ares cious tacsusecustcer sites cmon enema 686 00 
AUIEOARACESs SCP bal WaUD eS. . ie rks cme) = erent yes isn leh eaceoralieiezeaere 1,372 00 
Total ccissisce wisnsnssereterstent EA Oe Coe eric i SAPs Gao loc 2,342 00 
Grand Stand Labor: 
ATITOSRACES NMiay. 28250). tance cc ctelaiet sraietelaiets kek tieebetemaalenaks $30 00 
PANIEO PEL ACES AIIM CrAsce te crc getemnnete elle eiaied cievarenoret asks iene Renee 30 00 
HMOTUMRACES TUL An foes rita ahha > ae ol okie ecace etme tera nes 52 00 
HOTGsRACES SED bs LO smear deascks aeucrrcuetetstera nt aoe sarale atone 94 00 
AUtORRACES a Sept ll lent acteristic cient reer nectee ene 188 00 
FINO GAL «. «lel aPacg ete is a Re ARS, ne ahiat alle ss Sarayeperrega, wewaoy ey otis, eiedteitaysie ahs 394 00 
Miscellaneous Expenses: 
ATL OMRACES Maya oe S=o Ole seictopehshetciensteiene secrets hetematetelce sete Te Pleiew old: 
Nitro ragthoe tea Rinks) hae Gla® om Mein oo Pmio moo boro pte boo A78 21 
HOrG RACES} JUWUY Ae cicioia he ave intel oon dane abe lepemeiewecs os ancl 741 91 
IAtitOsRaAces Seta lO sells dicrern tleckaoneke telstcmn ean een. 4,350 00 
a 7,297 23 
Ao] hs eee SON eRar sn A ReMi Bee Ais cKO I ORR OHO A RET SEO OC 
Better Babies: 
IPPIZESi ANG! PLEMIUMAS ies tetes eiel one) oxsis tere vce retel>/ohet ces to skal or atatiohe Tenet ens relete tel el ate $91 17 
UU AITS = Maoh oes aienins crvhene tev alishcre aiencae Me casi ashshele ato ta, span ot OeeNeRatem tonnes Fey xots 270 00 
Miscellaneous PXpPeHSES.s\.. sire .eiolstenc 7) ofer a iauetas aie cheeatatle ohayet Nel Wen esos ieseteeats 341 86 
od 0 1] De i te Ae Se eA in oS AOE OCOD oc GO oOo oe 
‘Boys’ State: Fair School Mxpense....... 05.0.0. «sists ot orereme oolelere oles (aya au ie. <1e(ailelsis) aleteinanEteneiene 
Cattle: 
Prizes. and’ Premiums) averse sictes oor) ons 8 ose oasioh tone aus cale ieerereretet oie ey Meehan $6,783 28 
ovata bel hein es treo owen co Oro olor hcln COD. oO SSE eo Pow. 0.8 Be 158 55 
Miscellaneous EXPeNSESs .< oon oer cele ce winnoic ols > aletalelvere eletol teiavats taney ne 129 54 


$11,038 23 


703 03 
1,292 95 


7,071 37 
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Dairy: 
PTIZOSPATIG MELOTINE ULI sici> ctevat euch oteted cnersyanetocs aster ousae otal aiekekanane one ie ohermire $757 19 
SINGLET AYERS 3 5 tect RCO OORT OP cheek NR mE RE eR aR S sio cis OEee Gain a Witold 
Miscellaneous xp eusesiac casei ier s loti Doe Se ee Lee 185 38 
ALGER US Rear en IR eT Ae 5. POM uA SNCS Recent AS City SHRED cnc HSI POE IE a 
Educational: 
ETI ZS ANGER LEMIUINIS sr te ehaherot srsts! aroesiaies oat are ouch eseh ate Catehctobeiene’ Grave el ciara $673 25 
SG Fae iS oiSee iascrcs cage ain Aas GE aS aS SILO e odo Bs en es 35 00 
IMiseellaneousrb xp CNSeghs ieiccar-hoioiehvcrclctelchereicncielehciecsiouss cakers eA cies evel eran 665 80 
SI GLORIES NE ad 5 aS Cee ie CAE RR SS eee ICA RONG OS CeCe ER AM er acs ees ce en 05 OA GER Ey cr 
Farm Products: 
TETRA ZS Chev led 2) fer eabl Gb oelsles eR H een Be ctor e) eROe eae Bak Orci oro. Pee EI tee $2,110 00 
BULGE RTD ree hte rer are etatelc tars loves ore al ene Pereiny ob carer See uae aa dich HINTON Sorat sa orient canis ie AS 10 
eLG@ Dell eepereveita chan evice ceca area ctor rate io rahe mentee olsen aut ia Sus tu ePIC IE ah Sk uen en oente”alial cesioes 
Tine Arts: 
DIZESANG! PROMIITMs rec cae e erelescia cee ede eer eo bal ra cali arenes Soe estes $427 00 
USTs Foi oY ee eee Neer ie ae cnr Seale Nee IE i ROME ke ST em ear on sy ee 45 00 
Miscellaneous PIX PONSESWisicisces cutneke ahalavansvare tas naed tus, cpauciacarooieiera aun retaens 149 75 
LO tal eaikaitsr scevevanaze: specs aca hae bc Rae eee CoAT eat orate cee C Lore ESE or ne Mas ais aa area 
Floricultural: 
IPTIZ ES ANASETLEMIUMS ase eis sree Ol sereie oie k GURL STO TRIE ae ee REE ae aie Ret eae 
Horses: 
EMIZES AUC METEMMUIUINIS xtreme veers Shekel cic wd alate ous ance aneuens ereueueiseenat ease $3,724 50 
tite Kea bat eee tau coo er Steals Ca DREN CANS nO oI CREM or eer Cee OL Reet EIS eaticro meee 182 50 
PMISCOIATIC OUS fe ereporsierSckere eek SN el aicke. snip aheakal Ma die GP aL EI erA oie oreo 621 30 
PL Ost ea ec Prete ths Savas sc care Sere THO Srey acalha ere Oe in Up tere ReeeUT oleae, sis hae Sie gio atten ee neoee 
Horticultural: 
PRIZES pany COMMIS Seay aecPerecuedelouecetalter aeteks ove Basten dere saves vist aitth auepausler ovshenevee $2,075 05 
SRG RirN eee rdrencucionreaaeeaae Poieh nich tenar ar eee eectietelns. seen bbLn Scie a pod eras sows 24 60 
Miuascellameos Ee xpenSe@s!s ccaveiescc suet avekormre ol crdecl ord vs aleve apes Rinses Glove aetie 79 00 
; ALLO fiailitacahs reac ob onaveweror nce neni mae ua auste eee ue aOR ner Sle aaisrabis iota sare met seit ees chica aie @ casks 
Machinery Department. EB xpelS@'s...)srstccscs ce wins wie Stetson eee Crem erase charete ete. s bloretsiece oacblewss 
Needlework: 
IPTIZES AUG ETEMIIMIMS s2eeve gas verte Graukhe Sisitrsioraoen Coke OO one $335 25 
5 [ORG tsb dae ag Si Neen ns et so PRE ee re eR Rk MC Ohare een 30 00 
IVEISCEMAME GUS. ty kat we rexsistem in aeconeene Seer ea ee areraere ae ee ae eee a 170 70 
AGO E71 Cetra cites eRe CR aA er Ag ae SEMPRE Ce MU ura ip No cre Gi meneine ENF 
Night Horse Show: 
PET IZ CS AN GME TEMIMTINAS cy ater, ane retate ovale s aeuor arn: ates Reman ae Naa Seams inate erations aaa $4,560 00 
LOSE WONT hoe co an Okano 1.0 ORPD.Oo Mae emo e Cdo.oo oS On ane ord cls 2,059 00 
AIG Uo Kenta er peace hey CaP ce CES CSI MELE Sin Pah RRS Tt Cope Sit me Gs ee ees 182 50 
Grad raid i LE] 00} oat See Noe eR eRe oldie mene rea eS SENG Para eM err 490 00 
MUSCELANEDUSHE RP eNSESs case cae art aicts Salans. cteceue sis eet ycisus cos cis Sree 634 22 
FLO AL ee Pe Bet eeua re aieviewatie hen ehh Fish Beto SARDINES, He ease TaLkoded he KEestaya et cvatton elle eV suemen arse Reae ree 
Physical Culture: 
Miscellaneous Expenses SERS Sts hae aS Ee RIS cI SIO CI CCC nN OR ICI 
Poultry: 
ETIZES ANG VE TEMG 2s wisi stecdre Sethe Siena eae ch ances oh ap oh oat apa ove, Siameelioae bolke $1,077 50 
UIUC ANT PU rhe ee ce eet reitc eyo yCUTENG, Shag cabana creat eMC Oeste ra teerae a RE ano 120 00 
MMASGElAnNCOUS EIXDENSES crcl oces ot lerociansee Aine aiate «skate euafe sole Shatiio iets, 461 11 
UCU se¥> pocket cccok aera S oN Sy ante avcole eos sete ate oa, 6 SON Bua ante oN Teare Nayeie tne 2 wie ALES beta Lalfoeayowale 
Sheep: 
LTA yA HED aVol Daag ernoehipaalelepcns ees jee ELAR On ELCI IC GIy EE OE aio Crocs clot et Ome $3,313 50 
DUALS Sy ere een aa Ree Te ate dae ore saeyonoa Ms Hed oite lave Nee awang eB taaiae sap coeeRIE 50 68 
Miscellaieousthl pense: hater, espace cecloieconei sie cidicis siarasel so aha) otobhaers olatauats 239 46 
"Ota. cic sects cat RAV AAT a eat ace ade cates Sate WEES GIES TES eae tote: Beak calc ogale 6.0 
Speed Department: 
NPEES GSR ieaesisis-cisa: «= ot, Cee he gt detaeas vetay aval iatenorhs celta MUSTER ten cuaaar eee chek Ones. fets-2 $8,450 00 
AOVETUIBING A=. < oa « viclinemuiern poe 218 20 
Entertainment a8 2,058 00 
Grand Stand: Labor’ 4..-.- 8s. ook, ci citar eerie a 576 00 
ABCs (2g hat Reh RANE CORRS aR RENE OTe oo Oe 145 00 
Membership Dues 125 00 


PPSAVUPITI OE es OR eared acer: Aion Areretene: chetotehecst caste ttn arene ha oi.) SL Orar ere Rip) haeseecge ris 76 92 
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Speed Department:—Con. 
Secretary's Salary). 0.066 o'bic «ies vs ss ov veleiein's 8 eleislelsiojo'e's\aleisin ¥visivieye $500 00 
Sundry: Salarles <i c. space slag ssn statece tare glare engbeaecshsr eens ebepesereets teneen) afte Eien 386 57 
Miscellaneous HxpenHes +. ci. oforeheai« orale ate lalnys las aver tp teele ie inte ever a taten steers 214 80 


MOCAL «- erssSia's wale wyalevele lave toyellelc aici’ ave ret vere Pelerehereletataveieed eel ele ov ala)erave tere ave etaine=t ai annmmnnnm 


Swine: ; 
Prizes ANG PTOMIUUMIS «6s sere so winlo kes 2 ola Se iate aipissfelo¥ele' ee) alefolp nlavat oleic ate CRETE 
72 00 


Miscellaneous) Expenses; 4 «9% ssyirsue eben ee stinel sewae cs Peaeess 236 32 


4 0) ¢) no 


Miscellaneous Prizes: 
Trophy Cups’s ss Misvavaveeie.e!e:oto!s1s ote! djevelaisye) + soles) els ake'e) 01 ¥ ial els\e¥ate)p)a/ofalal setae eahelaicleteietatatm 


Po tialn 0 si ere wisest naecinsoralolay eo teterenst ay Kor hatecettal sleds ara ulevetecc/agel ofenelee la oltn aces tars telat 
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ANALOMyA KepOrt. OL the nGeparimient, Ol nave miei) lel oreilcievers tensile ohatele stele apace iotehareie Sin cic 137 
Animal husbandry, report of the department of....... sodeatocgochben dha so FO O00 61 
ANIMA pathology. sreport:, ot thel department Of sas svete oateraerelele ciel a erece's «soe ieee 132 
Annual report and audit and examination of Michigan state agricultural society.... 717 
ATMA FepOre Of stie liberal sartey COUMCI prey.) .)ocoyetetebers ere torch a Ievalio ts ehcveievelesci c).6 avesci shale 182 
Annual report of the office of markets......... Vedi aretelcustoieia\renors Dice hEIS a: CERO Oe 250 
A phoma disease of celery...... cgmotmno tl acne Oue Be Cub HOT Ce Ole) Bp Obie caro Ole ereierras 318 
Apiarics-report of theystate: Inspector, Of. sy \erctec cecters eer sreiel sl siatsiemiclortaclceieis ccen 161 
ApPPLopriationy;, GiIStribution OL “SPECali yc crrpeus aisveusiadeteress clasmve che oleh ei aiecetN sine oe elcte in» 24 
Athletics and physical culture, report of the department of eR NR CL es Chto cual OCICS EECA HNEEE alee 

° B. 
BS ACLELIOLOSISt, STEPOLbeOL MUMLOs, Sorts svsvels mueuc seein orci ean te: are etetersns,eteioieee, MSD ereNeictsie- 6 268 
Bacteriology and hygiene, report of the department of....,............eeeceeeces 138 
BAakievedmMpurov. Cment.:CLECULAr MN O.iamie a 1s sec erates e eral dich sae Sisvela icles. os cecsveves arexe 664 
Bordeaux the makin oi OL. aia, stererorey pete eca's .cice ge eicerertiate ease aro er os cies e aeTs) 6.6. soy eve evel evstecers 495 
Botany, report of the department of...... SRO te OE DODD AISIE SY CIC ES DOERR EERE Che 142 
Boys-andecicls; clip: work -lisecOL WOLKELs cll cra dorceaiceate a: aicks mierorela'e) | evecare svos elec 18 
Bulletin No. 277, studies in the cost of market milk production................... 417 
Bulletiny Nos 218, serelizer sana y Sis + soi, cians olsen oly ogeretore eitne obo ayia tie’ sm “eveues Sate cow erernin ake 453 

GC. 
Celery ea eOHONI a AGISCASC | OL sorted U aiert sete a ere HO ahs, Sle o Gere Bik le ae Pee 318 
OREMIST SE PED OE ber O bee ING tet ee ores ciipica cyst] ocishchavat sesee Sten teh Tana oleh al Sao aeatOD oye coeds ae eae 318 
Chemisiry, wreport, of the» department “Olas... «cto -1eis mies oteiota, ot soe a qelsi ss aisere Oe eens 156 
Circular yNGe. ‘odaqted rock .wRea tir sic sire s-cuskeie sets lerstegscaterets haters oral otetense sere mare tanenete tenons 659 
€ircilar No. 32; -baviley, amprovenmients sie. sire cierano sictee cle Nove eleve eee) vj etsvetel ate) Sra) auehane cl sles. 664 
Civil Mngineenine Teportnor tues departments Ole 2. nctcis ae om ata ceare selene aierccene oie. e 135 
-Climate of Michigan and its relation to agriculture, the...............e.ceceseeeee 679 
ollexe inventory.) JUNe-50.) LOLG. SUIMMATY Of ari. tele site sik ee tire e 6 she 2s) oral okt 36-41 
Cagmmiecrcial feedings SEUILS.. DEALIGEITY INO ibrcs cae alors tate sick estes ogetole cele wie) as Sis co adhoc 347 
Committed an charge. OLA cxperiMentostationt.ccrjer) setetavarita ese cers duis oe Voc ovals Wiel ne ee 16 
Concise directions for control of tomato leaf spot, special bulletin No. 81.......... 485 
Cooperative extension work, administrative officers of..... Meera ce at electra ce aiacocaatcnets 17 
County agricultural. agents, list ‘Of- oi. .c.c 0s oe SU ARIPEMAN EPR iS oe ce cred cr-avereiels, seoceyer 17-18 


County agricultural agent work, in a for fiscal year ending June 30, 1917, 
TOs lime Retestot cl cx ot nhe si ch ctel el fasta s 7o0ai's fara, heros elaleie le rove! 9 eaeteyeieta/ eile’ Were vi nje eee. nis Sovloteneue els 210 


744 INDEX. 
County. institutes with dates’ and) attendance? <:.%y. sj-) <icf- kets tere’ nlnloie aleyaa tobe siabele neonate 
Cow testing associations, report) of extension “work ini... <2 ss. «nis «1 -1e10 siute aietelereneeinte 


Current account 1916-1917 
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Dairy husbandry, report of the. department: of: 2.5%.) cise 3 aie cis be ae eee 
Dean of agriculture, report of the. 
Dean of engineering, report of the. 
Dean of the division of home economics; report of thes.......-.... «2... ose eee 
CRANES. 5 y's, 5S 5-55 Marae lene se ia fay,5 Kemalies choy aut al elhed oka) St Mel leave vonage Tey ck hal tle eee 
of agricultural education, report of thes. 10 aelc ee cheteve ieee eee 
Of anatomy? TEPOLt TOL MUNE sie. srere teres, «soe. a lls wllete celina! eel opeye xara onset eee ae 
Of animal nivEepandry;) TepOrts OL. the. nr, oss oie tele chose oheleteueronens teat ieee 
of anime] *patholosy; “report-oL.thesc oe picket sieve ele aes aie ee eee 
of athletics "and: physical culture, report of the... ... 5200 cect 
of, bacteriology and hygiene, report. of, thes. <i. 2... tie at isle. ee 
Of botany; “report Of PEWET os ovo soso 0 ooceta: « loss lone veseye Avene) ot eae ete aera cree 
of chemistry, report: “Of: the=...2%.5 spate sists et hee tec hae eee 
of’ civil. engineering? -report Of Eh jac <2 es ecco ene cooks ein cee cet 
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